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FOREWORD

This report presents an extension of a modified form of the implicit method
of Hilber-Hughes, pertaining to the temporal integration of the equilibrium
equations of motion of a structural system. The unconditional stability
characteristics of the uncoupled linear equations are given and their range
extended. Tables and curves are presented for "a convenient choice" of the
involved parameters.
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CHAPTER 1

INTRODUCTION

The analysis of time dependent problems in fluid and structural mechanics
through finite element or difference methods involves temporal discretization of
the basic conservation laws. In structural mechanics, this leads to time
integration techniques of Newton's second w of motion. A survey of previous
work reveals an abundance of references. 1 -4 4  This report is limited to
structural engineering work.1- 40  Reference 41 is an example of fluid dynamics
time integration schemes. Discretization methods are typically divided in two
different ways. In the first, we have what is referred to in Reference 45 as
linear singlestep or multistep methods. In singlestep methods only variables at
the current and next time steps are considered. In multistep methods unknowns
at more than one step are involved. In the second, time discretization schemes
are classified in two large groups depending on stability and need of inversion
characteristics. These are implicit methods and explicit methods.

Implicit methods require inversion of large matrices and can be

unconditionally or conditionally stable. They are predominantly used in
structural dynamics, where low-mode response is of interest. Naturally,
preference is given to unconditionally stable methods due to their
unrestrictiveness. If conditionally stable, the time step cannot exceed a
limiting time step or the method becomes unattractive.

Explicit methods such as the central difference method (References 1, 3,
and 8) are preferred in solving wave propagation problems. These methods depend
on what is referred to as the "critical time step" or "Courant number." Use of
larger time steps cause the solution to become unstable. In general, the
spatial mesh is not uniform; therefore, the time step will depend on the smaller
element. The "smaller" element dimensions put a ceiling on the "highest
admissible" frequency of structural response and a "cutoff frequency" is
introduced. In addition, nonuniform meshes introduce spurious frequencies of
reflection (References 42-44) from the various element interfaces.

The question of mesh size introduces the "cutoff" frequency concept
(already mentioned for explicit methods); it also applies to implicit methods.

Examples of structural dynamics time integrators, among others [Houbolt's
method (References 1 and 30) and Park's method (Reference 3)] are:

(1) the Newmark family of methods (References 1 and 9);

(2) the Wilson 0-method (References 1, 1 and 12); and

(3) the Hilber-Hughes collocation method (References 15, 16, and 17) (to
distinguish from their a-method).

1-1
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Table 1-1 summarizes the Newmark, Wilson 8, Hilber-Hughes collocation, and

c-methods, respectively, together with their possible extension (the modified
Hilber-Hughes method).

In constructing a discrete operator capable of modeling the continuous

system, the following point should be kept in mind. The algorithm should be

unconditionally stable, and dissipative of spurious higher modes but not lower
modes. (This damping is of numerical nature, introduced by temporal discretization,
and unrelated to the actual structural damping.)

The above properties can only be verified for linear problems. Very little
is known for nonlinear problems.

Table 1-2 summarizes the range for unconditional stability of these methods
with additional notes. Note that when 8 = 0 and y = .50, the Newmark method
becomes the "central difference" explicit method; when S = 1.0 and y = 1.5, the

scheme is a backward difference; and when B = .25 and y .50, we obtain the
"average acceleration" method. Other combinations can be found in
Reference 2.

All three methods use some approximation for acceleration, velocity, and
displacement vectors of the form

xn+e = Gl(in, e) (1-1)

kn+8 = G2(kn, in, in+l, 0, y, At) (1-2)

Xn+9 = G3(xn, kn, xn, in+l, 0, Y, At) (1-3)

where subscript n indicates point in time, tn; n+e is point in time, tn+9
(0 can take the value of 1); At is the time increment; and dots denote
differentiation with respect to time. Zienkiewicz and Wood (References 2, 28,
29, and 31) employ a weighted residual formulation to come up with the various
temporal approximation schemes.

The analysis is concluded by satisfying the continuum equations of
equilibrium

MK + Ci + K x = E(t) (1-4)

by their discrete analogue of some point in time n+9,

Z n+o + C in+o + (l+a)K Xn+0 - e_ Zn+0 = Fn+9, (1-5)

where a is a new parameter that may be 0, 1, or negative. Here M is the
assembled mass matrix (typically positive definite and symmetric), Z the
structural damping matrix (usually of Rayleigh form), I the stiffness matrix
(positive semidefinite), and F(t) the external loading vector.

1-2
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These methods have introduced parameters a, 3, y, and I apart from time
step At to control stability, dissipation, and period elongation (i.e. control
"distortion" effects).

Typically, the study of the stability characteristics of these methods can
be summarized in the following logical steps:

1. The system [EIuation (1-5)] is assumed linear and can be decoupled by a
normal mode procedure. The resulting equation is of the form

m Xn+e + c kn+e + (l+a)k Xn+e - ak xn+O = fn+e (1-6)

In the analysis of the Newmark B-method and Wilson 0-methods, the structural
damping c can be left in because the expressions do not become extremely
complicated. The same is not true for the a-Hughes method. The analysis of the
stability characteristics of the linear system is for the undamped system
(c = 0).

2. Use of Equations (1-1), (1-2), (1-3), and (1-6) results in a (3 x 3)
matrix equation relating the historical variables xn with the variables at the
next time point, i.e.

Xn+l A X + L Fn+O

where the state column vectors Xn+l and Xn are defined by

,t2 Xn+l

Xn+l = Xn+l]V[ Xn+lJ
At2 Xn

Xn A t Xn

X
n

and A is an (3 x 3) operator matrix, the so-called amplification matrix; L is a
(3 x 1) column vector; and Fn+ 0 is a scalar.

3. Analysis of the eigenvalue properties of A using the Routh-Hlurwitz
criterion (Reference 45) and the Cayley-Hamilton theorem (Reference 46) allows
us to define the region of "unconditional stability" of the linear system.
Naturally, no eigenvalue can exceed 1 or the solution becomes unbounded. This
is the process for establishing good properties for the temporal operator A.

1-3
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TABLE 1-1. SUMMARY OF EMPLOYED EQUATIONS FOR NEWMARK fi, WILSON E, AND HILBER-HUGHES METHODS

EQUATION
METHOD TPE EQUATIONTYPE

EQUILIBRIUM Y.+ + 2 Con+1 + CL)2xn+1 fn+l

DISPLACEMENT Xn+ =Xn + Atin + ( t) 2 [(-/3) +I3n4l1

NEWMARK

VELOCITY n+ =in + At [(1-Y)yn + Yyn+l1

ACCELERATION

EQUILIBRIUM Xn+e + 2 4 W in+e + o)2xn+= fn+O

2 0) +g '+
DISPLACEMENT Xn+ = n + (OAt)i n + (GAt) 2  +--e +

WILSON
VELOCITY Xn~o = in + (At) [1( I)n+--)n+l

ACCELERATION n+E = (1 -E)) n + E) n+ 1

EQUILIBRIUM m Xn+e + C Xn+e + k Xn+ E = fn+e

Xn+E = Xn + (E)Atlin + (OAt)2 [(-t2- p) yn + n+e

DISPLACEMENT
HILBER-HUGHES Xn+ 1 =Xn+AtXn+ At 2 [(l _p ) j n + n2
COLLOCATION l X+A2nl

METHOD

VELOCITY n+l =in+ At [1l-y)*X' + Y 'n+ I

ACCELERATION Xn+e = 1 -G) in + E n+1

1-4
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TABLE 1-1. (CONT.)

METHOD EQUATION EQUATION

TYPE

EQUILIBRIUM mXn + Cin+ 1 + (1 +a) kn 1 -OX k +n = fn+l

DISPLACEMENT X.+ 1 =Xn +Atin+At2 [(-21(3) + Pn+lI
HILBER-HUGHES_____________________ ______

a - METHOD

VELOCITY Xn+ inn+ At [(1-Y) n + Y 'n+i1

ACCELERATION

m Xn+ + c Xn+e + I1+a) kXn+e - a k Xn = fn+e

EQUILIBRIUM or

'n+e + 2 w Xn+e + (1 +a)C0 2 i n+e - ac 2 Xn = n+e

MODIFIED
HILBER-HUGHES DISPLACEMENT Xn+1 = Xn + (eAt). + (eAt)2  / ) An +/Ie n+ 1

METHOD

VELOCITY Xn+e = in + (0At) 1 -y e)x n + y e Yn+ 1

ACCELERATION Xn+e = (1 - G) Xn + E Xn- 1

1-5
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CHAPTER 2

STABILITY OF HILBER-HUGHES COLLOCATION METHOD

Hilber and Hughes (References 15, 16, and 17) presented a new scheme for
the integration of the linear dynamic equations of motion of structural
problems. It is based on collocation, and its stability and analysis was
developed for any undamped linear system.

As before, the initial value problem we seek to solve numerically can be
expressed in the form

M + K x = F(t) (2-1)

subject to the initial conditions at time t = 0

x(O) = d (2-2)

AM=)

and

i(O) = fl [F(O) - K d] (2-3)

The object of this method is to select additional parameters apart from
step size in such a way as to obtain unconditional stability and dissipation at
high frequencies to control the response which, in the case of structural
problems, depends on the low mode spectrum.

They proposed to satisfy the uncoupled version of the equations of motion
[Equation (2-1)] at a point n + e, or (n+O)At, i.e.

m Xn+O + k Xn+e = fn+e (2-4)

The following approximations for accelerations, displacements, and external
loading were used:

Xn+e = (l1-)xn + e Xn+l (2-5)

Xn+e = xn + eAt kn + (eAt) 2[(-)n + 1 in+6] (2-6)

2-1
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fne= (l-O)fn + 9 fn+i (2-7)

xn+1 = xn + A~t kn + At2 [( -B)5En + a jii+i] (2-8)

Velocities are obtained through a separate equation

in+l - k + At[(l-Y) iCn + Y iin+1] (2-9)

Substituting the expression for acceleration kn+e [Equation (2-5)] the
expression for displacement xn+e [Equation (2-6)], and leaving the loading

fn6as it is in Equation (2-4), we solve for the acceleration in+l- We
obtain Equation (2-10)

em[l + m-lk~e2At2] in+1 = fn+6 - k xn - eAtkin - (2-10)

m[(l-e) + I( -6)e2 + a(1-e)e2t At2m-lkin

Abbreviating by

W2 = k/rn (2-11)

Q , wt (2-12)

D - 8[1+602Q2] = [1+m-lkSo 2At2 ] (2-13)

and noting that

1 - + ( --5)e2p2 + 502Q2(l-e)

= D- l 222] (2-14)

the expression for the acceleration at point n+l in time can be expressed in
terms of the acceleration at the previous step and other historical variables:

2.. -21 n+e Q 2 e
At x AtL - -x -- t +

n+l D D Dn D n
(2-15)

D 1 22 At 2

2-2
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Furthermore, by using Equation (2-9) to obtain the velocity at the next step in
terms of the already known acceleration in+l [Equation (2-15)], we get

ff - + 1 - O t n

AtXn+l fn+O D n D

(2-16)

At2i ' - (+ 2 2)

Similarly, employing Equations (2-8) and (2-15) to obtain the displacements

Xn+l =A30fn+O + (l+aA31 )xn + (l+A32)Atin +

I + B(A 33 -1) At 2in 
(2-17)

where

2
A 0 (2-18)
30 2mD

2
A - 2(2-19)A31 D

A - eQ 2 (2-20)
A32  D

A 1 - + Q (2-21)33 D

or in matrix form

2.. 2.. (2-2'
At xn 1  33 32 31 Atxn 30fn+e

At n+I  [1 + y(A31 -1)] (1 + YA3 2) yA31  At n  + YA30fn+e

Xn+1  [ + B(A33-1)] (1 + aA32) (1 + BA31) xn 8A30fn+8

2-3
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Ltin+i1 1ti + [yA3Ol fn+e (2-23)

16.. n+ xn L 0
or

An1- A An + L fn.0  (2-24)

with the abbreviations

WAt Q

W2 k

() M (2-25)

D e(l+Be 2 Q2 )

fn~0  (1-o)fn + fl

The eigenvalues of A (Equation (2-22)] satisfy the following characteristic
equation in X, originating from

det I -?II -0

or (2-26)

X3 2A1 X
2 + A2)X - A3 - 0

where

2A1  A3 3 + [l+yA32] + [l+BA3 ,]

=2 + aA 3 1 + yA 3 2 + A3 3  (2-27)

A2  [A33+A32(Y-l)] + [A33+A3l0-)J + [+A1-(3-3)

-1 + (2B-Ii-y)A 31 + (2y-l)A32 + 2A33  (2-28)

A3 -(l+BA 31 )[A33+(Y-l)A 32] + (l+,RA 32 )A3l1l-Y) - A31[ +2(A33-l)]

. A33 + (Y-l)A32 + A3 1 [D+--] (2-29)

If A3 -0, Equation (2-26) reduces to a quadratic, and the algorithm is of the
Newmark-B type.
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Replacing A3j, A32, and A33 from Equations (2-24) in (2-29), we obtain

(el)Il+SI 2 W~e 2 +e+1) - elyl
A3 =- D (2-30)

Furthermore, the difference Equation (2-23) takes at steps n and n+l yields

An - n-I1fn+e (2-31)

Xn+l - A Xn+L~++ (2-32)

Combining Equations (2-31) and (2-32), we obtain the following recurrence
relationship

Xn+l = X n-l + L~ fn+eJ + I fn+e+l

= A2Xn-l + A L fn+8 + L fn+o+i (2-33)

Successive repeats produce the result

k-n

An+l an~l.Zo + 1; Ak Lfn-k+b+l (2-34)
k~o

We observe that for no external loading (f 0) repetition of Equations (2-32)
and (2-31) yield

Xn+l An=A 2.An-1 - #3Zn-2 (2-35)

However, by the Cayley-liamilton theorem on matrices (Reference 46), the matrix A
satisfies its own characteristic equation [Equation (2-25)1, i.e.

A3 - 2AlA 2 + A2A - A3 -Q (2-36)

Substituting for A3 from Equation (2-36) in (2-35) we obtain

Zn+l 2AlA 2 - A2A + 63 Xn-2

=2A,#
2 &-2 - A2A -n-2 + A3n- (2-37)

Noting that

=n A2 n 2  (2-38)

X-n-l - A X-n-2 (2-39)
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we finally obtain

Xn+l = 2AlXn - A2Znl + A3Xn_2 (2-40)

Equation (2-40) is the general recurrence relationship of the linear undamped
homogeneous equation of (2-1) (with f = 0) for the state vector Z. It is,
therefore, valid for any of its components such as the displacements xn.

Xn+l - 2AlXn - A2xn_1 + A3xn_2 (2-41)

Omitting a large portion of the analysis which can be found in Reference
15, 16, 17, or 47, Hilber and Hughes concluded that, for unconditional
stability, we must have

Y (2-42)

0 > 1 (2-43)

and

0 202-1 2-4
> B > 22-1(2-44)

2(0+1) 4(2 3-1)

Hilber and Hughes found that when 9 - 1.366025, the higher modes are not
3amped out. At about e - 1.420815, they found that the maximum damping of high
frequencies takes place. They also found that relative period error increases
as 3 decreases from 0.25 on down, and 0 increases from 1 upward, simultaneously.

To improve the dissipation properties, they developed the so called
Hilber-Hughes a-method (References 15, 16, and 17) which is summarized In Tables
1-1 and 1-2.

2-6
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CHAPTER 3

ANALYSIS OF HILBER-HUGHES COLLOCATION METHOD

From Equation (2-6) we solve for the acceleration at collocation point n+63

X i 1-- -x 1 L2- - (3-1)
n 2 2 Xn+'. 2 2 n nt '. .t , ."t2 -

Substituting Equation (3-1) into the next equation, i.e. Equation (3-2)

-" n = n + eAt[(1-) n+_n+q] (3-2)

the expression for velocity at the point of collocation follows in terms of
historical variables and Xn+,)

n + ' ) 9 A t a-MX y ) -n + k t t 1 - 2 ( 3 -3 ) -

Hence, replacing these in the equations of motion

t1 in+0 + C jn+0 + K Xn+,) = Fn+1 (3-4)

we obtain

[B0-t2 + -1C + x

=F + M[--l~- ~ + 1 + (1 L Il'-n+0 Lo 2 t2zn + 7nlt n (2 ii~nj

L0~tT At V .
-+ n - 1 n (3-5)

3-1
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Solve for the displacement vector ;n+e at the collocation point n+e in
terms of all the historical variables. Next, solve Equation (2-5) for n+l in
terms of in, in+e" Then substitute in+e from Equation (3-1) to obtain the

acceleration at next time step n+l

1.i . l .

L. 1. G/1

1 3 (x X+ )- - - 1 (3-6)

Be At -ne -n e At

Now, from Equation (2-9) kn+l is

in+l = An + At(l-Y)Xn + Y~n+ll

and replacing the value of Xn+l from Equation (3-6), we finally arrive at

+ e 3At + At

+ (i - 2-)At X- (3-7)

Furthermore, the displacements at time step n+l can be obtained from

X n+l =n + At x + At2IG-B6) 4+B -n+l]

1 + i x 2,+ AtIL n + (3-8)

3-2 W
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CHAPTER 4

SUMMARY OF HILBER-HUGHES ALGORITHM

The following steps describe the algorithmic flow. Initial conditions on
some of Z0, k0, _0, E0 are given. (See Chapter 2.) Also effective
matrices are factorized by a Cholesky decomposition.

1. Obtain Zn+ e

I6 +At-Zn+e "-- +eA-- K% F n+e

+M 1 1 . 1

Be Atetn+ C 1- n + 1- 1 e t(41

BeAt'n 8 2 1

2. Obtain in+l

- 1 1 1 -

Xn+l 31 2 6n+O-X 2 28 6 (4-2)
86 At S6 At

3. Obtain Xn+l

X~ny x -no x  + 1 -____ +  I _ At
863At + n B2 At n2q -n (4-3)

4. Obtain Xn+l

x ] +  I 1 + ,t 1 L + t 2 1 1 (4-4)

Repeat steps 1-4 for all time steps.

4-1

.1,



NSWC TR 86-324

CHAPTER 5

MODIFIED HILBER-HUGHES METHOD

Motivation for the extension outlined below comes from the need to improve
upon and better control the dissipation and period elongation characteristics of
the algorithm, while retaining some degree of simplicity. As can be seen by
studying the equations of equilibrium (Reference 1), implicit methods require
inversions of large matrices that considerably slow the solution process.

This scheme is based on ideas proposed by Hilber and Hughes (References 15,
16, and 17). The main difference compared with the previous method by Hilber et
al is that the equilibrium equations are satisfied at the collocation point n+9

Mk n+ + C in+e + (l+0)K n+6 - aK xn = Fn+9  (5-1)

where the two Hilber-Hughes methods appear combined. As in the previous chapter
it leads to a displacement vector at time n+e given by

n+[ +  I _ + Y-C + (l+a)tlE + +

+ M 1 x + 1k+ (SBO 02 At 2-13n Bot- 2 -nx n

+ 3~' C I - l)* + (-- li' -t ii +

+ ctK An (5-2)

In this method the following approximations are used for the acceleration,
velocity, and displacement

in+0 = (1-0)in + 0 n+l

Xn+0 = Xn + eAt [(l-Y)xn + y Xn+9]

Xn+6 - xn + OAt in

+ 02At2[(1 _ )n+ x (5-3)

5-1"



NSWC TR 86-324

or the equivalent set

kn+e (l-6) in + 8 Xn+l

kn+8 = j n + 8At1(IY8)in + ye in+l]

Xn+ -= xn + OAt kn +

+ 2At2[(L - Be)j + B0 l (5-4)

The stability characteristics have been analyzed and documented in detail
in Appendix A.

Table 5-1 displays the A amplification matrix for the Newmark a method
(References 1 and 47), while Tables 5-2 and 5-3 display the A matrix for the
Wilson 8 method.

To further the discussion and tie in the results of the stability analysis
with those of the Wilson-e and Newmark-B methods, we observe the following:

The elements of the amplification matrix for the a-collocation Hughes
operator assume the Wilson form (Table 5-3), as can be seen below, when

124-ff2 p2

a =O, y = , B I becomes B = [ 2 4 2 (5-5)
6 o[6+12Tre~p+47T 9

Let's denote the elements of the A matrix by aij.

First, note that the first element of the A matrix from Table 5-2 is

a 1 =(0 _ 1~) 92B - 2(1 - jeOK -(1-0) B (5-6)
12At 2

But since

03B 4 2__ _2 _ 2

6 6+1270p+4 2p 22

92< = 12" p 2 ](5-7)
[6+127 0 p+47p 2p20

and

B0 6-- - 6 (5-8)I

W2 At
2  [6+12 rop+4r 

2p202]

5-2
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or

e B + 02 + B 1 
(5-9)2 A

it becomes

a1 1  10 2 B - 20K (5-10)
2 2 22At

and its equivalent form is given in Table 5-3. Furthermore,

a12 =-(2K+OB) (5-11)

a13 -B (5-12)

a2 1 - : -19B ( -3
a22 2lK-3

623a 1 1 Be -
a32 61 - 9- 51)

a =1-1B (5-16)

33 = 6

Again from Table 5-2

a( ) 2(1 -J - + (5-17)a21 =2, 2.'2

( 1)12B

2 B

We use the equality proven above, i.e.

2, 1 3 1 5-19)

2- 2 T+- B -22 ,. 2 1

5-3
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and we arrive at

1 2 B
a21 = 1--1eB - KO t (5-20)214 2w 2 At 2

which is the equivalent form of Table 5-2, i.e. Table 5-3.

Similarly,

a1 (~~ ( )B- 2(1-8~ +
31 2 ' 6w 2At 22)

(10 - - - - B (5-21)

6 2) 2 12 3  6 2 At2

or given by Table 5-3. In these equations, the parameter B basically assumes

the Wilson form as given in Table 5-2.

Setting a = 0, e = 1, we recover the Newmark-B amplification matrix (Table

5-1) by a similar reduction process.

1_

We further observe that at e = 1, the Wilson amplification matrix A becomes

~1
-B - -(2K+B) -B

1 1 1 1 1A= -- - - B 1 - (K + B) - -B (5-22)

2 2 2 2

1 1  1 B 1 1 - 1 1- 1

2 2

with B 24 p
[6+12ff p+4f 2p2] "(5-23)

It agrees with the a-collocation of Hughes only if 0, and 1

It agrees 1 ~ -f -Y 2' 6 i=0 n

(i.e., y a, , c - 0, = 1). It is known that at 6 = 1 the Wilson method
is unstable.

5-4
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In the present study, the stability range (for _ 0) is summarized on pages A-14
(Case A3  0) and A-21 (Case A3 = 0) of the Appendix. Definition of the parameter
A3 can be found in the Appendix.

Case A3 = 0 was the only case analyzed previously. The case analyzed
corresponding to A3  0, for which the stability range (with = 0) given was:

1

= 0 (There is no - in the Hilber-Hughes collocation algorithm;

see Tables 1-1 and 1-2.)

S> 1 (5-24)

and

2 2 -1 (5-25)
3_

2(9+1) -- 4(2n3-1)

In the case of the t-method, the given range was:

2
22

- _0 (5-26)

(set = 1 in the modified form)

Hence it should be obvious that by including the general case A3  0 in the
present study, the stability range has been broadened and the two methods of
Hilber-Hughes combined in a single one.

5-5I
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

Chapter 1 is an introduction to some of the methods used in structural
dynamics. Chapter 2 deals with the stability of the Hilber-Hughes collocation
method and Chapters 3 and 4 indicate a way to implement the procedure, while
Chapter 5 offers a possible extension of the Hilber-Hughes algorithm.
Furthermore, Chapter 5 discusses how the amplification matrix A degenerates
to the Newmark B amplification matrix, etc. for appropriate choice of the
parameters. Appendix A deals exclusively with the analysis of the stability
characteristics of the modified Hilber-Hughes method.

In References 15 and 17 Hilber and Hughes indicated that such methods may
tend to overshoot the actual solution at the very few initial steps. For this
reason,plots of the spectral norm of the amplification matrix A (see Reference 46 on how
to calculate 11411) in addition to its spectral radius have been included in all
cases. These data could be used in future studies of algorithmic performance.
For more details see References 15 and 17.

This section, therefore serves the purpose of a brief discussion of the
obtained results and how they can be used in practice.

Table 6-1 relates the figures and all tables (6-2 - 6-19) from which all
figures of this Chapter were obtained. For example Tables 6-2 to 6-6 pertain to
Figures 6-1 to 6-3. Table 6-9 is used in relation to Figure 6-22. All the
other tables can be connected to the relevant figures by consulting Table 6-1.

Although this report deals with the modified Hilber-Hughes algorithm, it is
beneficial to have some visual feel with some of the other algorithms. Figures
6-1(a) to 6-3(a) give the spectral norm and radius of the amplification matrix A
by the Newmark 6 method for the case of no structural damping (Q = 0) for
various values of p and X respectively and over a wide range of frequencies (see
abscissa of plots). Figures 6-1(b) to 6-3(b) give the spectral norm and radius
for the same parameters for the Wilson 0 method. Figures 6-4(a) and 6-5(a) are
plots of spectral radius for the Newmark P method for various 8, y combinations
and for some structural damping ( = 0.10) over a frequency range. The same is
true for Figures 6-4(b) and 6-5(b) for the Wilson 0 method. Figures 6-6(a) and
6-6(b) display the spectral norm for the Hughes amplification matrix A (0 = 1.4,

= 0.10, Y = 0.10, 5 = 0.916275) and the Wilson 0 method (8 = 1.4, = 0.10)
respectively. Figures 6-7(a) and (b) are plots of spectral norm and radius by
the Newmark 3 method for a choice of B, y and structural damping (Q = 0.10).
Figures 6-8(a), 6-8(b), 6-9(a) and 6-9(b) display spectral radius variation for
the Wilson 0, Hughes and Newmark B methods. All the remaining figures (Figures
6-9 to 0-22) pertain to the modified Hilber-Hughes method. Figure 6-10 displays
spectral norm (a) and spectral radius (b) for x = -0.10, while Figures 6.11 to
6-17 are valid for a = 0.0. Figures 6-18 and 6-19 are for the case of 'I
-0.10, while Figures 6-20 to 6-22 for i = -0.20.
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The usefulness of these figures and tables can be explained as follows.
Consider the case of a = 0.0, y = 1.0, 6 = 1.0, C - 0.10. Figure 6-12(b)
indicates that for the case of 8 f 0.50, the spectral radius drops and then
increases to nearly 1.000 in the high frequency range. The same applies to
the spectral norm. Table 6-9 indicates this and depending on what type of
high frequency dissipation may be needed, we can see that $ = 1.0 provides
this more effectively than a - 0.50, 8 = 1.50, and a - 2.0. At the same
time, the spectral norm is higher than for the case of B = 2.0.

Figures 6-10 through 6-22 and Tables 6-7 through 6-19, therefore,
give reasonable estimates of the parameters a, a, y, and 0 so that the
linearized structural system is unconditionally stable. Otherwise, one
may have to resort to Tables A-i and A-2 of Appendix A in order to obtain
these quantities.

In conclusion, therefore, the present extension can be used as a starting
point for a more detailed study of this algorithm. It should be implemented
in a finite element program in order to verify its superior or inferior
performance with respect to dissipation, overshooting, and phase shift
properties for problems with known solutions.
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NEWMARK 3 METHOD y
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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a =0.0, , 1.01111,0 = 1.1, t = 0.10

HUGHES METHOD
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OLTAT/PRIOD T

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a 0.0, 7= 1.01111, 0 = 1.1, = 0.10

FIGURE 6-13. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX & BY HUGHES METHOD FOR a - 0.0, N, 1.2, 0 - 1.1, = 0.10
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(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a 0.0, -y a 1.2, 0 - 1.1, -0.10

FIGURE 6-14. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX A BY HUGHES METHOD FOR a = 0.0, y = 1.5, 0 = 1.1,
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(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a = 0.0, y = 1.5, 0 = 1.1, = 0.10

FIGURE 6-15. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX A BY HUGHES METHOD FOR o0.0, y- 1.3,0 =1.4, =0.1

HUGHES METHOD
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DELTAT/P RIOO T

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR o= 0.0, y = 1.3, 0 = 1.4, -0.1

FIGURE 6-16. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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DELTAT/PERIOD T

(A) SPECTRAL NORM OF AMPLIFICATION MATRIX BY HUGHES METHOD FOR o = 0.0, y = 1.9, 0 = 1.4, = 0.1

HUGHES METHOD
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DELTAT/PER100

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a = 0.0, 7 = 1.9, 0 = 1.4, = 0.1

FIGURE 6-17. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION p
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX BY HUGHESMETHOD FOR &=-0.10,y = 1.16, 0 = 1.4,j = 0.10
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1.22130

1.0

o0.8

0.576

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR =-0.10y = 1.6, 0 = 1.4, = 0.10

FIGURE 6-18. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPJIFICATION
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SPECTRAL NORM OF HUGHES AMPLIFICATION

5.0

n4.03.46667

DEL TAT/PERIOC T

(A) SPECTRAL NORM OF AMPLIFICATION MATRIX BY HUGHES METHOD FOR o =-0.2,y = 1.3, 0 = 1.1, = 0.1

HUGHES METHOD

5.0
- ,- n- -: -4.0

3.46667

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR 0 =-0.20, 7=1.3, ,0 1.1, =0.1

FIGURE 6-20. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX BY HUGHES METHOD FOR & =-0.2, y = 1,5, 0 = 1.1, -0.1

HUGHES METHOD
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(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a = -0.2, - = 1.5, 0= 1.1, = 0.1

FIGURE 6-21. SPECTRAL NORM AND SPECTRAL RADIUS
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SPECTRAL NORM OF HUGHES AMPLIFICATION
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(A) SPECTRAL NORM OF AMPLIFICATION MATRIX BY HUGHES METHOD FOR a =-0.2, =2.0,0 = 1.1, =0.1

HUGHES METHOD
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DELTAT/PERrOD T

(B) SPECTRAL RADIUS BY HUGHES METHOD FOR a=-0.2, -y=2.0, 0=1.1, =0.1

FIGURE 6-22. SPECTRAL NORM AND SPECTRAL RADIUS
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TABLE 6-1. MATRIX RELATING FIGURES AND TABLES TO EACH OTHER

FIGURE NO. TABLE NO.

6-1, 6-2, 6-3 6-2, 6-3, 6-4, 6-5, 6-6

6-10 6-7

6-11 6-8

6-12 6-9

6-13 6-10

6-14 6-11

6-15 6-12

6-16 6-13

6-17 6-14

6-18 6-15

6-19 6-16

6-20 6-17

6-21 6-18

6-22 6-19

6-25
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TABLE 6-2. SPECTRAL RADIUS AND NORMS BY WILSON 0 AND NEWMARK 0 METHODS FOR = 0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

O. OOOOOOE+00 0.100000E01 0.175775E+01 0.100000E+01 0.16889E+01
0.250000E+00 0.908084E+00 0. 206821E+01 0. 10000E1+01 0.238791E+01
0. 500000E+00 0,751169E+00 0.318306E+01 0. 100000E+01 0.430435E+01
0.750000E+00 0.661404E+00 0.364548E+01 0. 100000E+01 0.515114E+01
0 100000E+01 0. 12547E+00 0.384709E+01 0. 100000E+01 0.553398E+01
0 125000E+01 0. 584234E+00 0.394913E+01 0. 100000E+01 0.573120E+01
O. 150000E+01 0. 566718E+00 0.400711E+01 0. 100000E+01 0.584434E+01
0 175000E+01 0. 555257E+00 0.404297E+01 0. 100000E+01 0.591473E+01
0.100000E+01 0. 547403E+00 0.406663E+01 0. 100000E+01 0.596132E+01
0.225000E+01 0. 541810E+00 0.408302E+01 0. 100000E+01 0.599369E+01
0.250000E+01 0 630159E+00 0.409484E+01 0. 100000E+01 0. 601706E+01
0.275000E+01 0. 665948E+00 0.410363E+01 0. 100000E+01 0. 603447E+01
0.300000E+01 0 688239E+00 0.411034E+01 0. 100000E+01 0.604777E+01
0. 325000E+01 0.703876E+00 0.411558E+01 0. 100000E+01 0.605817E+01
0.350000E+01 0.715503E+00 0.411975E+01 0. 100000E+01 0.606&45E+01
0.375000E+01 0.724472E+00 0.412312E+01 0. 100000E+01 0.607314E+01
0.400000E+01 0.731578E+00 0.412588E+01 0. 100000E+01 0. 607862E+01
0.425000E+01 0. 737323E+00 0.412817E+01 0. 100000E+01 0. 608318E+01
0.450000E+01 0.742045E+00 0.413010E+O1 0. IO0000E+01 0.608700E+01
0.475000E+01 0.745981E+00 0.413172E+01 0. 100000E+01 0. 609024E+01
0.500000E+01 0.749299E+00 0.413312E+01 0. 100000E+01 0.609301E+01
0.525000E+01 0.752124E+00 0.413432E+01 0 100000E+01 0. 609539E+01
0.550000E+01 0 754552E+00 0.413536E+01 0. 100000E+01 0.609746E+01
0.575000E+01 0.756654E+O0 0.413626E+01 0. 100000E+01 0.609927E+01
0. 600000E+01 0 758488E+00 0.413706E+01 0. 100000E+01 0 610085E+01
0.625000E+01 0.760097E+O0 0.413776E+01 0. 100000E+01 0. 610225E+01
0 650000E+01 0.761517E+00 0.413839E+01 0. 100000E+01 0.610349E+01
0 675000E+01 0 762777E+00 0.413894E+01 0. 100000E+01 0.610460E+01
0.700000E+01 0.763900E+O0 0.413944E+01 0. 100000E+01 0.610559E+01
0.725000E+01 0.764906E+00 0.413989E+01 0. 100000E+01 0.610648E+01
0.750000E+01 0 765810E+00 0.414029E+01 0. 100000E+01 0.610728E+01
0.775000E+01 0.766626E+00 0.414066E+01 0 100000E+01 0. 610801E+01
0.900000E+01 0.767365E+00 0.414099E+01 0. 100000E+01 0.610867E+01
0.825000E+01 0 768037E+00 0.414129E+01 0O100000E+01 O 610927E+01
0.8350000E+01 0.768648E+00 0.414156E+01 0 100000E+01 0. 610982E+01
0.875000E+01 0.769208E+00 0.414182E+01 0. 100000E+01 0 611032E+01
0.900000E+01 0.769720E+00 0.414205E+01 0. 100000E+01 0.611078E+01
0.925000E+01 0.770191E+00 0.414226E+01 0.100000E+01 O.611121E+01
0.950000E+01 0 770624E+00 0.414246E+01 0. 100000E+01 0. 611160E+01
0.975000E+01 0.771024E+00 0.414264E+01 0 100000E+01 0.61119&E+01
0. 100000E+02 0.771394E+00 0.414281E+01 0 100000E+01 0.611229E+01
0. 102500E+02 0.771737E+00 0.414296E+01 0. 100000E+01 0.611260E+01
0. 105000E+02 0.772056E+00 0.414311E+01 0. 100000E+01 0.611289E+01
0. 107500E+02 0. 772352E+00 0. 414324E+01 0. I00000E+01 0. 611316E+01
0. 110000E+02 0.772628E+00 0.414337E+01 0. 100000E+01 0.611341E+01
0.112500E+02 0.772885E+00 0.414349E+01 0. 100000E+01 0.611365E+01
0. 115000E+02 0.773126E+00 0.414360E+01 0. 100000E+01 0.611387E+01
0. 117500E+02 0 773352E+00 0.414370E+01 0 100000E+01 0.611407E+01
0. 120000E+02 0.773563E+00 0.414380E+01 0 100000E+01 0.611426E+01
0.122500E+02 0. 773761E+00 0.414389E+01 0. 100000E+01 0.611445E+01
0. 125000E+02 0. 773948E+00 0.414397E+01 0 100000E+01 0.611462E+01
0 127500E+02 0.774124E+00 0.414405E+01 0 100000E+01 0.611478E+01

NOTE CONSTANT VALUES ARE:

=0.250 = 1.4
y= 0.50 =0
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TABLE 6-2. (CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
________BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0. 130000E+02 0. 7742839E+00 0. 414413E+01 0. 100000E+01 0.6811493E+01
0. 132500E+02 0. 774445E+00 0. 414420E+01 0. 100000E+01 0. 611507E+01
0. 135000E+02 0. 774593E+00 0. 414427E+01 0. 100000E+01 0. 611521E+u1
0. 137500E+02 0. 774732E+00 0. 414433E+01 0. 100000E+01 0. 611533E+01
0. 140000E+02 0. 774864E+00 0. 414439E+01 0. 100000E+01 0. 611545E+01
0. 142500E+02 0. 774989E+00 0. 414445E+01 0. 100000E+01 0. 611557E+01
0. 145000E+02 0. 775108E+00 0. 414451E+01 0. 100000E+01 0. 611568E+01
0. 147500E+02 0.775220E+00 0. 414456E+01 0. 100000E+01 0. 611578E+01
0. 150000E+02 0. 775327E+00 0. 414461E+01 0. 100000E+01 0. 611588E+01
0. 152500E+02 0. 775429E+00 0. 414465Ee01 0. 100000E+01 0. 611597E+01
0. 155000E+02 0. 775526E+00 0. 414470E+01 0. 100000E+01 0. 611606E+01
0. 157500E+02 0. 77561ijE+00 0. 414474E+01 0. 100000E+01 0. 611615E+01
0. 160000E+02 0. 775706E+00 0. 414478E+01 0. 100000E+01 0. 611623E+01
0. 162500E+02 0. 775790E+00 0. 414482E+01 0. 100000E+01 0. 611630E+01
0. 165000E+02 0. 775870E+00 0. 414486E+01 0. 100000E+01 0. 6116366+01
0. 167500E+02 0. 775946E+00 0. 414489E+01 0. 100000E+01 0. 611645E+01
0. 170000E4-02 0. 776020E+00 0. 414493E-01 0. 100000E+01 0. 611651E+01
0. 172500E+02 0. 776090E+00 0. 414496E+01 0. IOOOOOE+01 0. 611658E+01
0. 175000E+02 0. 776156E+00 0. 414499E+01 0. 100000E+01 0. 611664E+01
0. 177500E+02 0. 776221E+00 0. 414502E+01 0. 100000E+01 0. 611670E+01
0. 180000E+02 0. 776282E+00 0. 414505E+01 0. 100000E+01 0. 611676E+01
0. 182500E+02 0. 776341E+00 0. 414508E+01 0.100000OE+01 0. 611681E+01
0. 185000E+02 0. 776398E+00 0. 414510E+01 0. 100000E+01 0. 6116866+01
0. 187500E+02 0. 776452E+00 0. 414513E4-01 0.100000OE+01 0. 611691E+01
0. 190000E+02 0. 776504E+00 0. 414515E+01 0. 100000E+01 0. 611696E+01
0. 192500E+02 0. 776554E+00 0. 414517E+01 0. 100000E+01 0. 611701E+01
0. 195000E+02 0. 776602E+00 0. 414520E+01 0. 100000E+01 0. 611705E+01
0. 197500E+02 0. 776649E+00 0. 414522E+01 0. IOOO0OE+01 0. 611709E+01
0. 200000E+02 0. 776694E4-00 0. 414524E+01 0. 100000E+01 0. 611713E+01
0. 202500E+02 0. 776737E+00 0. 414526E+01 0. 100000E+01 0. 6117 17E+01
0. 205000E+02 0. 776778E+00 0. 414528E+01 0. 1000006+01 0. 611721E+01
0. 207500E+02 0. 776818E+00 0. 414530E+01 0. IOOOOOE+01 0. 611725E+01
0.210000E+02 0.776856E+00 0.414531E+01 0.100000E+01 0.611728E+01
0. 212500E+02 0. 776694E+00 0. 414533E+e01 0. 100000E+01 0.6811732E+01
0. 2150006+02 0. 776930E+00 0. 414535E+01 0. 100000E+01 0. 611735E4-01
0. 217500E+02 0. 776964E+00 0. 414536E+01 0.100000OE+01 0. 611738E+01
0. 220000E+02 0. 776998E+00 0. 414538E+01 0. 100000E+01 0.611741E+01
0. 222500E+02 0. 777030E+00 0. 414539E+01 0.100000OE+01 0. 6117446E-01
0. 225000E+02 0. 777061E+00 0. 414541E+01 0. 100000E+01 0. 611747E+01
0.227500E+02 0.777091E+00 0,414542E+01 0. 100000E+01 0.611750E+01
0. 230000E+02 0. 777121E+00 0. 414544E+01 0. 100000E+01 0. 611753E+01
0. 232500E+02 0. 777149E+00 0. 414545E+01 0. IOOOOOE+01 0.611755E+01
0. 235000E+02 0. 777176E+00 0. 414546E+01 0. 100000E+01 0. 611758E+01
0. 237500E+02 0. 777203E+00 0. 414547E-01 0. I00000E+01 0. 611760E+01
0. 240000E+02 0. 777229E+00 0. 414549E+01 0. 100000E+01 0. 611763E+01
0. 242500E+02 0. 777254E+00 0. 414550E+01 0. 100000E+01 0. 61 1765E+01
0. 245000E+02 0.777278E+00 0.414551E+01 0. 100000E+01 0. 611767E+01
0. 247500E+02 0. 777301E+00 0. 414552E+01 0. IOOOOOE+01 0. 611769E+01
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TABLE 6-3. SPECTRAL RADIUS AND NORMS BY WILSON 0 AND NEWMARK 0 METHODS FOR =0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0. 000000E+00 0.100000E+01 0.176762E+01 0.100000E+01 0.166270E+01
0.250000E+00 0.890956E+00 0.196407E+01 0.926668E+00 0.223012E+01
0.500000E+00 0.731547E+00 0.283365E+01 0.867390E+00 0.381794E+01
0.750000E+00 0.649282E+00 0.318161E+01 0.843953E+00 0.446412E+01
0. 100000E+01 0.607216E+00 0.333084E+01 0.833645E+00 0.474643E+01
0.125000E+01 0.583818E+00 0.340579E+01 0.828394E+00 0.488958E+01
0.150000E+01 0.569739E+00 0.344821E+01 0.825399E+00 0.497101E+01
0.75000E+01 0.560703E+00 0.347438E+01 0.823541E+00 0.502142E+01
O.70000E+01 0.554594E+00 0.349162E+01 0.822314E+00 0.505469E+01

0.225000E+01 0.550287E+00 0.350356E+01 0.(821462E+00 0.507775E+01
0.250000E+01 0.547144E+00 0.351215E+01 0.820848E+00 0.509437E+01
0.275000E+01 0.544784E+00 0.351854E+01 0.820391E+00 0.510674E+01
0.300000E+01 0.542969E+00 0.352342E+01 0.820042E+00 0.511619E+01
0.325000E+01 0.541544E+00 0.352723E+01 0.819769E+00 0.512357E+01
0.350000E+01 0.540406E+00 0.353026E+01 0.819552E+00 0.512944E+01
0.375000E+01 0.539483E+00 0.353270E+01 0.819377E+00 0.513418E+01
0.400000E+01 0.538723E+00 0.353471E+01 0.819233E+00 0.513807E+01
0.425000E+01 0.538092E+00 0.353637E+01 0.819114E+00 0.514130E+01
0.450000E+01 0 537561E+00 0.353777E+01 0.819013E+00 0.514400E+01
0.475000E+01 0.537111E+00 0.353895E+01 0.818928E+00 0.514630E+01
0.500000E+01 0.536725E+00 0.353996E+01 0.818856E+00 0.514626E+01
0.525000E+01 0.536393E+00 0.354083E+01 0.818793E+00 0.514995E+01
0.550000E+01 0.536104E+00 0.354159E+01 0.818739E+00 0.515141E+01
0.575000E+01 0.535852E+00 0.3542252+01 0.818692E+00 0.515269E+01
0 600000E+01 0.535631E+00 0.354282E+01 0.818650E+00 0.515381E+01
0.625000E+01 0.535435E+00 0.354333E+01 0.818614E+00 0.515480E+01
0.650000E+01 0.535261E+00 0.354379E+01 0.818581E+00 0.515568E+01
0.675000E+01 0.535106E+00 0.354419E+01 0.818552E+00 0.515646E+01
0.700000E+01 0.534967E+00 0.354455E+01 0.818526E+00 0.515716E+01
0.725000E+01 0.534843E+00 0.354488E+01 0.818503E+00 0.515779E+01
0.750000E+01 0.534730E+00 0.354517E+01 0.818482E+00 0.515836E+01
0.775000E+01 0. 534628E+00 0. 354543E+01 0.818463E+00 0. 515888E+01
0.800000E+01 0.534536E+00 0.354567E+01 0.818446E+00 0.515934E+01
0.825000E+01 0.534452E+00 0.354589E+01 0.818430E+00 0.515977E+01
0.850000E+01 0.534375E+00 0.354609E+01 0.818416E+00 0.516016E+01
0. 875000E+01 0. 534304E+00 0. 354628E+01 0. 818402E+00 0. 516051E+01
0.900000E+01 0.534239E+00 0.354644E+01 0.818390E+00 0.516084E+01
0.925000E+01 0.534180E+00 0.354660E+01 0.818379E+00 0.516114E+01
0.950000E+01 0.534125E+00 0.354674E+01 0.818369E+00 0.516141E+01
0.975000E+01 0.534074E00 0.354687E+01 0.818360E+00 0.516167E+01
0.100000E+02 0.534027E+00 0.354699E+01 0. 818351E+00 0.516191E+01
0.102500E+02 0.533983E+00 0.354711E+01 0.818343E+00 0.516213E+01
0.105000E+02 0.533943E+00 0.354721E+01 0.818335E+00 0.516233E+01
0. 107500E+02 0.533905E+00 0.354731E+01 0.818328E+00 0.516252E+01
0.110000E+02 0.533870E+00 0.354740E+01 0.818322E+00 0.516270E+01
0.112500E+02 0.533837E+00 0.354749E+01 0.818315E+00 0.516286E+01
0. 115000E+02 0. 533806E+00 0. 354757E+01 0. 818310E+00 0. 516302E+01
0.117500E+02 0.533777E+00 0.354764E+01 0.818304E+00 0.516316E+01
0.120000E+02 0.533750E+00 0.354771E+01 0.818299E+00 0.516330E+01
0.122500E+02 0.533724E+00 0.354778E+01 0.818294E+00 0.516343E+01
0.125000E+02 0.533701E+00 0.354784E+01 0.818290E+00 0.516355E+01

NOTE CONSTANT VALUES ARE:

p= 0.3025 6=1.5
y=0.6 0

6-28



NSWC TR 86-324

TABLE 6-3. (CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0. 127500E+02 0 533678E+00 0.354790E+01 0.81828E+00 0.516366E+01
0 130000E+02 0.533657E+00 0.354795E+01 0.818282E+00 0.516377E+01
0. 132500E+02 0.533637E+00 0.354801E+01 0.818278E+00 0.516387E+01
0. 135000E+02 0. 533618E+00 0.354806E+01 0.818275E+00 0.516397E+01
0. 137500E+02 0. 533600E+00 0.354810E+01 0.818271E+00 0.516406E+01
0. 140000E+02 0 533583E+00 0.354815E+01 0.818268E+00 0.516414E+01
0. 142500E+02 0. 533567E+00 0.354819E+01 0 818265E+00 0.516422E+01
O 145000E+02 0. 533551E+00 0.354823E+01 0.818262E+00 0.516430E+01
O 147500E+02 0 533537E+00 0.354826E+01 0.818260E+O0 0.516437E+01
O 150000E+02 0 533523E+00 0.354830E+01 0.818257E+00 0.516444E+01
0. 152500E+02 0 533510E+00 0.354833E+01 0.818255E+00 0.516451E+01
O 155000E+02 0 533497E+00 0.354837E+01 0 818252E+00 0.516457E+01
0. 157500E+02 0.533485E+00 0.354840E+01 0.(818250E+00 0.516463E+01
0. 160000E+02 0.533474E+00 0.354843E+01 0.818248E+00 0.516469E+01
0. 162500E+02 0 533463E+00 0.354845E+01 0.818246E+00 0.516474E+01
O 165000E+02 0. 533453E+00 0.354848E+01 0.818244E+00 0.516479E+01
o 167500E+02 0. 533443E+00 0.354851E+01 0.818242E+00 0.516484E+01
0.170000E+02 0.533434E+00 0.354853E+01 0.818240E+00 0.516489E+01
0 172500E+02 0. 533425E+00 0.354856E+01 0.818239E+00 0.516494E+01
O 175000E+02 0.533416E+00 0.354858E+01 0.1818237E+00 0.516498E+01
0.177500E+02 0.533408E+00 0.354860E+01 0.818235E+00 0.516502E+01
O 180000E+02 0.533400E+00 0.354862E+01 0.818234E+00 0.516506E+01
o 182500E+02 0 533392E+00 0.354864E+01 0.818233E+00 0.516510E+01
0185000E+02 0.533385E+00 0.354866E+01 0.818231E+00 0.516514E+01
O. 187500E+02 0.533378E+00 0.354868E+01 0.818230E+00 0. 516517E+01
O 190000E+02 0 533371E+00 0. 354869E+01 0.818229E+00 0.516521E+01
O 192500E+02 0. 533364E+00 0. 354871E+01 0.818227E+00 0. 516524E+01
0 195000E+02 0. 533358E+00 0.354873E+01 0.818226E+00 0.516527E+01
O 197500E+02 0.533352E+00 0.354874E+01 0.818225E+00 0.516530E+01
0.200000E+02 0.533346E+00 0.354876E+01 0.818224E+00 0.516533E+01
0,202500E+02 0.533341E+00 0.354877E+01 0.818223E+00 0.516536E+01
0.205000E+02 0.533335E+00 0.354879E+01 0.818222E+00 0.516539E+01
0.207500E+02 0 533330E+00 0.354880E+01 0.1818221E+00 0.516541E+01
0.210000E+02 0.533325E+00 0.354881E+01 0.818220E+00 0.516544E+01
0.212500E+02 0.533320E+00 0.354882E+01 0.818219E+00 0.516546E+01
0.215000E+02 0.533316E+00 0.354884E+01 0.818218E+00 0.516548E+01
0.217500E+02 0.533311E+00 0.354885E+01 0.818218E+00 0.516551E+01
0.220000E+02 0.533307E+00 0.354886E+01 0.818217E+00 0.516553E+01
0.222500E+02 0.533303E+00 0.354887E+01 0.818216E+00 0.516555E+01
0.225000E+02 0.533299E+00 0.354888E+01 0.818215E+00 0.516557E+01
0.227500E+02 0.533295E+00 0.354B89E+01 0.818214E+00 0.516559E+01
0.230000E+02 0.533291E+00 0.354890E+01 0.818214E+00 0.516561E+01
0.232500E+02 0.533287E+00 0.354891E+01 0.818213E+00 0.516563E+01
0.235000E+02 0.533284E+00 0.354892E+01 0.818212E+00 0.516564E+01
0.237500E+02 0.533280E+00 0.354893E+01 0.818212E+00 0.516566E+01
0. 240000E+02 0. 533277E+00 0. 354894E+01 0. 818211E+00 0. 516568E+01
0.242500E+02 0.533274E+00 0.354895E+01 0.818211E+00 0.516570E+01
0.245000E+02 0.533270E+00 0.354895E+01 0.818210E+00 0.516571E+01
0.247500E+02 0.533267E+00 0.354896E+01 0.818209E+00 0.516573E+01
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TABLE 6-4. SPECTRAL RADIUS AND NORMS BY WILSON 0 AND NEWMARK 0 METHODS FOR =0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

O OOOOOOE+O0 0 I0000E+O1 0.178535E+01 0.100000E+01 0.162712E+01
0.250000E+O0 0 864289E+00 0. 181064E+01 0.798490E+00 0.197470E+01
0.500000E+O0 0.715152E+00 0.233340E+01 0.653671E+00 0.309811E+01
0.750000E+00 0.651198E+00 0.253185E+01 0.598609E+00 0.349840E+01
0. 100000E+01 0 621652E+00 0.261503E+01 0.574546E+00 0.366474E+01
0.125000E+01 0.606167E-00 0.265637E-O1 0.562298E+00 0.374722E+01
0. 150000E+01 0 597184E+00 0.267963E+01 0.555311E+00 0.379360E+01
0.175000E+01 0.591553E+00 0.269394E+01 0.550976E+00 0.382212E+01
0.200000E+01 0.587808E+00 0.270335E+01 0.548112E+00 0.384087E+01
0.225000E+01 0,585197E+00 0.270985E+01 0.546124E+00 0.385382E+01
0.250000E+01 0.583307E+00 0.271453E+01 0.544690E+00 0.386314E+01
0.275000E+01 0.581896E+00 0.271801E+01 0.543623E+00 0.387006E+01
0.300000E+01 0.580817E+00 0.272066E+01 0.542807E+00 0.387534E+01
0.325000E+01 0.579972E+00 0.272273E+01 0.542170E+00 0.387946E+01
0.350000E+01 0.579300E+00 0.272438E+01 0.541663E+00 0.388274E+01
0.375000E+01 0. 578755E+00 0.272570E+01 0.541253E+00 0.388539E+01
0.400000E+01 0-578308E+00 0.272679E+01 0.540917E+00 0.388756E+01
0.425000E+01 0,577937E+00 0.272770E+01 0.540638E+00 0.388936E+01
0. 450000E+01 O 577626E+00 0. 272845E+01 0 540404E+00 0. 389087E+01
0.475000E+01 0 577362E+00 0.272910E+01 0.540206E+00 0.389214E+01
0.500000E+01 0.577136E+00 0.272965E+01 0.540037E+00 0.389324E+01
0.525000E+01 0.576942E+00 0.273012E+01 0.539891E+00 0.389418E+01
0.550000E+01 0.576773E+00 0.273053E+01 0.539764E+00 0.389499E+01
0.575000E+01 0.576626E+00 0.273088E+01 0.539654E+00 0.389570E+01
0.600000E+01 0.576496E+00 0.273120E+01 0.539557E 00 0.389633E+01
0.625000E+01 0. 576382E+00 0. 273147E+01 0. 539471E+00 0. 389688E+01
0.650000E+01 0.576281E+00 0.273172E+01 0.539395E+00 0.389737E+01
0.675000E+01 0.576191E+00 0.273194E+01 0.539327E+00 0.389780E+01
0.700000E+01 0. 576110E+00 0.273213E+01 0. 539267E+00 0.389819E+01
0.725000E+01 0.576037E+00 0.273231E+01 0.539212E+00 0.389854E+01
0.750000E+01 0.575971E+00 0.273247E+01 0.539163E+00 0.389886E+01
0.775000E+01 0.575912E+00 0.273261E+01 0.539119E+00 0.389915E+01
0.800000E+01 0.575858E+00 0.273274E+01 0.539078E+00 0.389941E+01
0.825000E+01 0.575809E+00 0.273286E+01 0.539042E+00 0.389964E+01
0.850000E+01 0. 575764E+00 0.273297E+01 0. 539008E+00 0 389986E+01
0.875000E+01 0.575723E+00 0.273307E+01 0.538977E+00 0.390006E+01
0. 900000E+01 0. 575686E+00 0.273316E+01 0. 538949E+00 0. 390024E+01
0.925000E+01 0.575651E+00 0.273325E+01 0.538923E+00 0.390040E+01
0.950000E+01 0.575619E+00 0.273332E+01 0.538899E+00 0.390056E+01
0.975000E+01 0.575589E+00 0.273339E+01 0.538877E+00 0,390070E+01
0.100000E+02 0.575562E+00 0.273346E+01 0.538856E+00 0.390083E+01
0.102500E+02 0.575537E+00 0.273352E+01 0.538837E+00 0.390095E+01
0. 105000E+02 0.5755132+00 0.273358E+01 0.5388e02E+00 0,390107E+01
0.107500E+02 0.575491E+00 0.273363E+01 0.538803E+00 0.390117E+01
0.110000E+02 0.575471E+00 0.273368E+01 0.538788E+00 0,390127E+01
0.112500E+02 0.575452E+00 0.273373E+01 0.538774E+00 0.390136E+01
0.115000E+02 0.75434E+0j 0.273377E+01 0.538760E+00 0.390145E+01
O. 117500E+02 0 575417F*00 0. 273381E+01 0. 538748E+00 0.390153E+01
0.120000E+02 0.575401E+00 0.273385E+01 0.538736E+00 0. 390161E+01
0.122500E+02 0. 575386E+00 0 273389E+01 0. 538725E+00 0. 390168E+01
0. 125000E+02 0.575372E+00 0.273392E+01 0.538714E+00 0.390175E+01

NOTE CONSTANT VALUES ARE:

=0.4225 = 1.7
y=O0.8 0
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TABLE 6-4. (CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0. 127500E+02 0.575359E+00 0.273395E+01 0.538705E+00 0.390181E+01
0.130000E+02 0.575347E+00 0.273398E+01 0.538695E+00 0.390187E+01
0.132500E+02 0.575335E+00 0.273401E+01 0.538687E+00 0.390192E+01
0.135000E+02 0.575324E+00 0.273404E+01 0.538678E+O0 0.390198E+01
0.137500E+02 0.575314E+00 0.273406E+01 0.538671E+00 0.390203E+01
0.140000E+02 0.575304E+00 0.273408E+01 0.538663E+00 0.390208E+01
O 142500E+02 0. 575295E+O0 0.273411E+01 0.538656E+00 0.390212E+01
0.145000E+02 0.575286E+00 0.273413E+01 0.538649E+00 0.390216E+01
0 147500E+02 0 575277E+00 0.273415E+01 0.538643E+00 0.390220E+01
0.150000E+02 0.575269E+00 0.273417E+01 0.538637E+00 0.390224E+01
0.152500E+02 0.575262E+00 0.273419E+01 0.538631E+00 0.390228E+01
0.155000E+02 0.575254E+00 0.273420E+01 0.538626E+O0 0.390231E+01
0.157500E+02 0.575247E+O0 0.273422E+01 0.538621E+00 0.390235E+01
0.160000E+02 0.575241E+00 0.273424E+01 0.538616E+00 0.390238E+01
0. 162500E+02 0. 575235E+O0 0.273425E+01 0.538611E+00 0.390241E+01
0.165000E+02 0.575229E+00 0.273427E+01 0.538607E+O0 0.390244E+01
0.167500E+02 0.575223E+00 0.273428E+01 0.538602E+00 0.390247E+01
0.170000E+02 0.575217E+00 0.273429E+01 0.538598E+00 0.390249E+01
0. 172500E+02 0. 575212E+00 0. 273431E+01 0.538594E+00 0.390252E+01
O 175000E+02 0. 575207E+00 0. 273432E+01 0. 538591E+00 0. 390254E+01
0.177500E+02 0.575202E+00 0. 273433E+01 0.538587E+00 0.390256E+01
0.180000E+02 0.575198E+00 0.273434E+01 0.538584E+00 0.390259E+01
0.182500E+02 0.575193E+00 0.273435E+01 0.538580E+00 0.390261E+01
0. 1(5000E+02 0.575189E+00 0.273436E+01 0.538577E+00 0.390263E+01
0.187500E+02 0.575185E+00 0.273437E+01 0.538574E+00 0.390265E+01
0.190000E+02 0.575181E+00 0.273438E+01 0.538571E+00 0.390267E+01
0.192500E+02 0.575177E+00 0.273439E+01 0.538568E+00 0.390269E+01
0.195000E+02 0.575173E+00 0.273440E+01 0.538565E+00 0.390270E+01
0.197500E+02 0.575170E+00 0.273441E+01 0.538563E+00 0.390272E+01
0.200000E+02 0.575167E+00 0.273442E+01 0.53e560E+0O 0.390274E+01
0.202500E+02 0.575163E+O0 0.273442E+01 0.538558E+00 0.390275E+01
0.205000E+02 0.575160E+00 0.273443E+01 0.538556E+00 0.390277E+01
0.207500E+02 0.575157E+00 0.273444E+01 0.538553E+00 0.390278E+01
0.210000E+02 0.575154E+00 0.273445E+01 0.538551E+00 0.390280E+01
0.212500E+02 0.575152E+00 0.273445E+01 0.538549E+00 0.390281E+01
0.215000E+02 0.575149E+00 0.273446E+01 0.538547E+00 0.390282E+01
0.217500E+02 0.575146E+00 0. 273447E+01 0.538545E+00 0.390283E+01
0.220000E+02 0.575144E+00 0.273447E+01 0.538543E+00 0.390285E+01
0. 222500E+02 0.575141E+00 0.273448E+01 0.538541E+00 0.390286E+01
0.225000E+02 0.575139E+00 0.273448E+01 0.538540E+00 0.390287E+01
0.227500E+02 0.575137E+00 0.273449E+01 0.538538E+00 0.390288E+01
0. 230000E+02 0 575134E+00 0. 273449E+01 0. 538536E+00 0.390289E+01
0.232500E+02 0.575132E+00 0.273450E+01 0.538535E+00 0.390290E+01
0.235000E+02 0.575130E+00 0.273450E+01 0.538533E+00 0.390291E+01
0. 237500E+02 0.575128E+00 0.273451E+01 0.538532E+00 0.390292E+01
0. 240000E+02 0.575126E+00 0.273451E+01 0.538530E+00 0.390293E+01
0.242500E+02 0.575124E+00 0.273452E+01 0.538529E+O0 0.390294E+01
0.245000E+02 0.575123E+O0 0.273452E+01 0.538527E+00 0. 390295E+01
0.247500E+02 0.575121E+00 0.273453E+01 0.538526E+00 0.390296E+01

.1
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TABLE 6-5. SPECTRAL RADIUS AND NORMS BY WILSON 0 AND NEWMARK 3 METHODS FOR ~=0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
________BY WILSON BY WILSON PY NEWMARK BY NEWMARK

o.OOOOOOE+00 0. 100000E+01 0. 180773E+01 0. 100000E+01 0. 162712E+0i

0. 250000E+00 0. 840120E+00 0. 167656E+01 0. 652682E+00 0. 170049E+01

0. 500000E+00 0. 719332E+00 0. 190876E+01 0. 436617E+00 0. 241699E+01

0. 750000E+00 0. 677452E+00 0. 199299E4-01 0. 3523182+00 0. 2638802+01

0. 100000E+01 0. 659864E+00 0. 202761E+01 0. 313356E+00 0. 272677E+01

0. 125000E+01 0. 651079E+00 0. 204468E+01 0. 292678E+00 0. 276955E+01
0. 150000E.-01 0.646119E+00 0. 205424E+01 0. 260546E+00 0. 279335E+01
0. 175000E.-01 0 643060E+00 0. 206010E+01 0.272876E+00 0. 280791E+01

0. 200000E+01 0. 641046E+00 0.206395E+01 0.267741E+00 0 281743E+01

0. 225000E+01 0. 639652E+00 0. 2066612+01 0.264145E+00 0. 282400E+01
0. 250000E+01 0. 638649E+00 0. 206852E+01 0.261533E+00 0. 282872E+01

0. 275000E+01 0. 6379032+00 0. 206994E+01 0. 2595782+00 0. 283222E+01
0. 3000002+01 0. 6373342+00 0.207102E+01 0. 258079E+00 0. 2834892+01

0. 325000E+01 0. 636889E+00 0. 2071872+01 0. 2569042+00 0. 283697E+01
0. 9500002+01 0. 636536E+00 0. 2072542+01 0. 255967E+00 0. 283862E+01

0. 375000E+01 0. 636250E+00 0. 2073082+01 0. 2552082+00 0. 2839962+01
0. 400000E+01 0. 636016E+00 0. 207352E+01 0. 2545852+00 0. 284105E+01

0. 425000E+01 0. 635822E+00 0. 2073892+01 0.254066E+00 0. 284196E+01
0. 450000E+01 0.6356592+00 0,207420E+01 0 2536312+00 0.284272E+01
0. 475000E+01 0. 635521E+00 0. 207446E+01 0. 25326221+00 0. 284336E+01

0. 500000E+01 0. 6354032+00 0. 2074692+01 0. 2529462+00 0. 2843912+01

0. 525000E+01 0.635302E+00 0. 2074882+01 0.2526742+00 0.,284439E+01

0. 550000E+01 0. 6352142+00 0. 207504E+01 0 2524382+00 0. 284480E+01
0. 575000E+01 0. 6351372+00 0. 207519E+0 1 0. 2522322+00 0. 2845152+01

0. 600000E+01 0. 635069E+00 0. 2075322+01 0,252051E+00 0. 284547E+01

0. 625000E+01 0 635010E+00 0. 2075432+01 0.2518912+00 0. 2845752+01
0. 650000E+01 0,634957E+00 0. 2075532+01 0,2517492+00 0. 284599E+01

0. 675000E+01 0. 6349102+00 0. 2075622+01 0.251622E+00 0. 284621E+01

0.7000002+01 0.6348682+00 0.2075702+01 0.2515092+00 0.2846412+01

0. 725000E+01 0.6348302+00 0. 207577E+01 0,2514072+00 0. 284658E+01
0. 750000E+01 0. 634796E+00 0. 2075842+01 0.251315E+00 0. 284674E+01
0. 7750002+01 0.6347652+00 0. 2075892+01 0,2512322+00 0. 2846892+01

0. 800000E+01 0. 634737E+00 0. 2075952+0 1 0.,251156E+00 0. 284702E+01

0.825000E+01 0.6347112+00 0.2076002+01 0,251087E+00 0.284714E+01

0. 8500002+01 0.634688E+00 0. 207604E+01 0. 251024E+00 0. 284725E+01

0. 875000E+01 0. 6346672+00 0. 2076082+01 0. 250967E+00 0. 284735E+01

0. 900000E+01 0. 6346472+00 0. 2076122+01 0. 250914E+00 0. 284744E+01

0. 925000E+01 0. 634629E+00 0. 207615E+01 0.250865E+00 0. 2847522+01
0. 950000E+01 0. 634612E+00 0. 207618E+01 0.2508212+00 0. 284760E+01

0. 975000E+01 0. 6345972+00 0. 207621E+01 0 2507792+00 0. 284767E+01

0. 100000E+02 0. 634583E+00 0. 2076242+01 0.25074 1E+00 0. 2847742.01

0. 102500E+02 0. 634569E+00 0. 207626E+01 0.250705E+00 0. 2847802+01

0. 1050002+02 0. 6345572+00 0. 207629E+01 0.250672E+00 0. 2847852+01

0. 107500E+02 0. 634546E+00 0. 207631E+01 0.250641E+00 0. 284791E+01

0.1I10000E+02 0.634535E+00 0. 2076332+01 0.250612E+00 0. 284796E+01

0. 112500E+02 0.6345252+00 0.2076352+01 0.2505852+00 0.284800E+01
0. 115000E+02 0.634516E+00 0. 2076372+01 0 250560E+00 0. 2848015E+01

0. 117500E+02 0.634507E+00 0. 207638E+01 0.250537E+00 0. 284809E+01

0. 120000E+02 0. 6344992+00 0. 2076402+01 0.250515E+00 0. 284813E+01

0. 122500E+02 0 6344912+00 0. 2076412+01 0 250494E+00 0. 284816E+01I
0. 1250002+02 0. 6344842+00 0. 2076432+01 0 250474E+00 0. 284820E+01

NOTE CONSTANT VALUES ARE:

(3= 0.64 =2.0

y =1.10
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TABLE 6-5. (CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0.127500E+02 0. 634477E+00 0.207644E+01 0.250456E+00 0.284823E+01
0.130000E+02 0. 634471E+00 0.207645E+01 0 250439E+00 0.28482E6E+01
0.132500E+02 0.634465E+00 0.207646E+01 0.250422E+00 0.284829E+01
0. 135000E+02 0.634459E+00 0.207647E+01 0.250407E+00 0.284831E+01
0.137500E+02 0.634453E+00 0.207648E+01 0.250392E+00 0.284834E+01
0.140000E+02 0.634448E+00 0.207649E+01 0.250378E+00 0.284836E+01
0.142500E+02 0.634443E+00 0.207650E+01 0.250365E+00 0.284838E+01
O 145000E+02 0.634439E+00 0.207651E+01 0.250353E+00 0.284841E+01
0.147500E+02 0.634434E+00 0.207652E+01 0.250341E+00 0.284643E+01
0.150000E+02 0.634430E+00 0.207653E+01 0.250330E+00 0.284844E+01
0152500E+02 0.634426E+00 0. 207654E+01 0.250319E+00 0.284846E+01
0.155000E+02 0.634423E+00 0.207654E+01 0.250309E+00 0.284848E+01
0. 157500E+02 0.634419E+00 0.207655E+01 0.250299E+00 0.284850E+01
0. 160000E+02 0.634416E+00 0.207656E+01 0.250290E+00 0.284851E+01
0.162500E+02 0. 634412E+00 0.207656E+01 0.250281E+00 0. 284853E+01
0.165000E+02 0.634409E+00 0.207657E+01 0.250272E+00 0.284854E+01
0.167500E+02 0.634406E+00 0.207657E+01 0.250264E+00 0.284856E+01
0.170000E+02 0.634403E+00 0.207658E+01 0.250257E+00 0.284857E+01
0.172500E+02 0.634401E+00 0.207658E+01 0.250249E+00 0.284858E+01
0.175000E+02 0. 634398E+00 0.207659E+01 0.250242E+00 0.284880E+01
0.177500E+02 0. 634395E+00 0.207659E+01 0.250235E+00 0.284861E+01
0.180000E+02 0.634393E+00 0.207660E+01 0.250229E+00 0.284862E+01
0.182500E+02 0.634391E+00 0.207660E+01 0.250223E+00 0.284863E+01
0.185000E+02 0. 634389E+00 0. 207661E+01 0.250217E+00 0.284864E+01
0. 187500E+02 0.634386E+00 0-207661E+01 0.250211E+00 0.284865E+01
0.190000E+02 0 634384E+00 0.207661E+01 0.250205E+00 0.284866E+01
0.192500E+02 0.634382E+00 0.207662E+01 0.250200E+00 0.284867E+01
0.195000E+02 0.634381E+00 0.207662E+01 0.250195E+00 0.284868E+01
0.197500E+02 0 634379E+00 0.207663E+01 0.250190E+00 0.284869E+01
0.200000E+02 0.634377E+00 0.207663E+01 0.250185E+00 0.284869E+01
0.202500E+02 0.634375E+00 0.207663E+01 0.250181E+00 0.284870E+01
0.205000E+02 0.634374E+00 0.207664E+01 0.250177E+00 0.284871E+01
0.207500E+02 0.634372E+00 0.207664E+01 0.250172E+00 0.284872E+01
0.210000E+02 0.634371E+00 0.207664E+01 0.250168E+00 0.284872E+01
0.212500E+02 0. 634369E+00 0.207664E+01 0.250164E+00 0.284873E+01
0.215000E+02 0.634368E+00 0.207665E+01 0.250160E+00 0.284874E+01
0. 217500E+02 0. 634366E+00 0. 207665E+01 0. 250157E+00 0.284874E+01
0.220000E+02 0.634365E+00 0.207665E+01 0.250153E+00 0.284875E+01
0.222500E+02 0.634364E+00 0.207665E+01 0.250150E+00 0.284875E+01
0.225000E+02 0.634363E+00 0.207666E+01 0.250147E+00 0.284876E+01
0.227500E+02 0. 634361E+00 0.207666E+01 0.250143E+00 0.284877E+01
0. 230000E+02 0. 634360E+00 0 207666E+01 0.250140E+00 0. 284877E+01
0.232500E+02 0.634359E+00 0.207666E+01 0.250137E+00 0.284878E+01
0.235000E+02 0 634358E+00 0. 207666E+01 0.250134E+00 0.284878E+01
0.237500E+02 0. 34357E+00 0.207667E+01 0.250132E+00 0.284879E+01
0.240000E+02 0.634356E+00 0.207667E+01 0.250129E+00 0.284879E+01
0.242500E+02 0 634355E+00 0.207667E+01 0.250126E+00 0.284880E+01
0.245000E+02 0.634354E+00 0.207667E+01 0.250124E+00 0.284880E+01
0.247500E+02 0.634353E+00 0.207667E+01 0.250121E+00 0.284880E+01
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TABLE 6-6. SPECTRAL RADIUS AND NORMS BY WILSON 0 AND NEWMARK 0 METHODS FOR = 0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_ BY WILSON BY WILSON BY NEWMARK BY NEWMARK

O OOOOOOE+00 0 I00000E+01 0. 183153E+0i 0. 100000E+01 0. 175963E+01
O.250000E+O0 0 827830E+00 0.160266E+01 0.537029E+00 0.145762E+01
o500000E+00 0.742382E+00 0.166932E+01 0.303314E+00 0.189843E+01
0.750000E+00 0.717805E+00 0.169374E+01 0.207584E+00 0.202004E+01
0 100000E+01 0 708155E+00 0. 170370E+01 0. 157177E+00 0.206667E+01
0.125000E+01 0 703479E+00 0.170858E+01 0.126304E+00 0.208902E+01
0 150000E+01 0.700879E+00 0. 171131E+01 0. 105511E+00 0.210137E+01
0.1 75000E+01 0.699291E+00 0. 171298E+01 0.905719E-01 0.210890E+01
o.200000E+01 0.698252E+00 0. 171408E+01 0.793267E-01 0.211381E+01
0.225000E+01 0.697535E+00 0. 171483E+01 0.705592E-01 0.211719E+01
0.250000E+01 0.697021E+00 0. 171538E+01 0.635334E-01 0.211962E+01
0.275000E+01 0.696639E+00 0. 171578E+01 0. 577778E-01 0.212141E+01
0.300000E+01 0.696348E+00 0. 171609E+01 0.529771E-01 0.212278E+01
0 325000E+01 0 696122E+00 0. 171633E+01 0.489121E-01 0.212385E+01
0.350000E+01 0. 695942E+00 0. 171652E+01 0.454259E-01 0.212470E+01
0.375000E+01 0.695796E+00 0. 17168E+01 0-424031E-01 0.212538E+01
0 400000E+01 0. 695677E+00 0. 171680E+01 0.397573E-01 0.212594E+01
0.425000E+01 0.695578E+00 0. 171691E+01 0.374220E-01 0.212641E+01
0. 450000E+01 0.695495E+00 0. 171699E+01 0.353457E-01 0.212680E+01
0.475000E+01 0 695425E+00 0. 171707E+01 0.334875E-01 0.212713E+01
0.500000E+01 0.695365E+00 0. 171713E+01 0.318149E-01 0.21274iE+01
0.525000E+01 0.695314E+00 0. 171719E+01 0.303013E-01 0.212765E+01
0.550000E+01 O. 695269E+0O 0.171723E+01 0.289252E-01 0.212786E+01
0.575000E+01 0.695230E+00 0.17172SE4-01 0.276685E-01 0.212805E+01
0.600000E+01 0.695196E+00 0. 171731E+01 0.2651&5E-01 0.212821E+01
0.625000E+01 0.695165E+00 0. 171734E+01 0.254565E-01 0.212835E+01
0.650000E+01 0.695138E+00 0. 171737E+01 0.244780E-01 0.212847E+01
0.675000E+01 0.695115E+00 0. 171740E+01 0.235720E-01 0.212859E+01
0.700000E+01 0.695093E+00 0.171742E+01 0.227305E-01 0.212869E+01
0.725000E+01 0.695074E+00 0. 171744E+01 0.219471E-01 0.212878E+01
0.750000E+01 0.695057E+O0 0. 171746E+01 0.212159E-01 0.212886E+01
0.775000E+01 0.695041E+00 0. 171748E+01 0.205318E-01 0.212893E+01
0.800000E+01 0.695027E+00 0.171749E+0i 0.198904E-01 0.212900E+01
0.825000E+01 0.695014E+00 0. 171750E+01 0 192879E-01 0.212906E+01
0.850000E+01 0.695002E+00 0.171752E+01 0.18720BE-01 0.212912E+01
0.875000E+01 0.&94991E+00 0. 171753E+01 O. 18186lE-01 0.212917E+0
0.900000E+01 0.694981E+00 0.171754E+01 0.176811E-01 0.212921E+01
0.925000E+01 0.694972E+00 0.171755E+01 0.172034E-01 0.212926E+01
0.950000E+01 0.694964E+00 0.171756E+01 0.167508E-01 0.212930E+01
0.975000E+01 0.694956E+00 0.171757E+01 0.163214E-01 0.212933E+01
0. I00000E+02 0.694949E+00 0. 171757E+01 0. 159135E-01 0.212937E+01
0.102500E+02 0.694942E+00 0.171758E+01 0.155254E-01 0.212940E+01
0. 105000E+02 0.694936E+00 O. 171759E+01 0. 151559E-01 0.212943E+01
0. 107500E+02 0.694930E+00 0. 171759E+01 0. 148035E-01 0.212945E+01
0.110000E+02 0.694924E+00 0.171760E+01 0.144671E-01 0.212948E+01
0. 112500E+02 0.694919E+00 0. 171760E+01 0. 141457E-01 0.212950E+01
0. 115000E+02 0.694915E+00 0. 171761E+01 0. 138382E-01 0.212953E+01
0. 117500E+02 0.694910E+00 0. 171761E+01 0. 135439E-01 0.212955E+01
0.120000E+02 0.694906E+00 0.171762E+01 0.132617E-01 0.212957E+01
0. 122500E+02 0.694902E+00 0. 171762E+01 0 129911E-01 0.212958E+01
0.125000E+02 0.694898E+00 0.171763E+01 0.127314E-01 0.212960E+01

NOTE CONSTANT VALUES ARE:

p =1.0 0=2.4
y-=1.5 =0
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TABLE 6-6. (CONT.)

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY WILSON BY WILSON BY NEWMARK BY NEWMARK

0. 127500E+02 0.694895E+00 0 171763E+O1 0. 124818E-O1 0. 212962E+O1
0. 130000E+02 0.694892E+00 .171763E+01 0 122418E-01 0.212963E+01
0. 132500E+02 0 694889E+00 0. 171764E+01 0. 120108E-01 0.212965E+01
0. 135000E+02 0.694866E+00 0. 171764E+01 0. 117884E-01 0.212966E+01
0. 137500E+02 0 694883E+0O0 0. 71764E+01 0. 115741E-01 0.212967E+01
0 140000E+02 0 694880E+O0 0. 171765E+01 0. 113675E-01 0.212969E+01
0. 142500E+02 0. 694878E+00 .171765E+01 0. 111681E-01 0.212970E+01
0. 145000E+02 0 694876E+00 O.. 171765E+01 0. 109755E-01 0.212971E+01
0. 147500E+02 0.694873E+00 0. 171765E+01 0. 107895E-01 0.212972E+01
0. 150000E 02 0.694871E+00 0. 171766E+01 0. 106097E-01 0.212973E+01
0 152500E+02 0.694869E+00 0. 171766E+01 0. 104358E-01 0.212974E+01
0. 155000E+02 0.694867E+00 0. 171766E+01 0. 102675E-01 0.212975E+01
0. 157500E+02 0. 694866E+O0 0. 171766E+01 0. 101046E-01 0.212976E+01
0. 160000E+02 0.694864E+00 0. 171766E+01 0.994669E-02 0.212977E+01
0.162500E+02 0.694862E+00 0.171767E+01 0.979368E-02 0.212977E+01
O. 165000E+02 0.694861E+00 0. 171767E+01 0.964531E-02 0.212978E+01
0. 167500E+02 0.694859E+00 0. 171767E+01 0.950136E-02 0.212979E+01
0. 170000E+02 0.694858E+00 0. 171767E+01 0.936165E-02 0,212979E+01
0. 172500E+02 0.694856E+00 0. 171767E+01 0.922598E-02 0.212980E+01
0. 175000E+02 0.694855E+00 .171767E+01 0.909419E-02 0.212981E+01
0. 177500E+02 0.694854E+O0 0. 171767E+01 0.896612E-02 0.212981E+01
0. 180000E+02 0 694852E+O0 0. 171768E+01 0.(884160E-02 0.212982E+01
0 182500E+02 0.694851E+00 0. 171768E+01 0.872049E-02 0.212982E+01
0. 185000E+02 0.694850E+0O0 0. 171768E+01 0.860265E-02 0.212983E+01
0. 187500E+02 0.694849E+00 0. 171768E+01 0.848796E-02 0.212983E+01
0. 190000E+02 0.694848E+00 0. 171768E+01 0.837628E-02 0.212984E+01
O 192500E+02 0.694847E+00 0. 171768E+01 0.826751E-02 0.212984E+01
O 195000E+02 0.694846E+00 0. 171768E+01 0.816152E-02 0.212985E+01
0. 197500E+02 0.694845E+00 0. 171768E+01 0.805822E-02 0.212985E+01
0.200000E+02 0.694844E+00 0. 171768E+01 0.795750E-02 0.212986E+01
0.202500E+02 0.694843E+00 0. 171769E+01 0 7B5926E-02 0.212986E+01
0.205000E-02 0.694843E+00 0. 171769E+01 0.776342E-02 0.212986E+01
0.207500E+02 0.694842E+00 0. 171769E+01 0. 766989E-02 0.212987E+01
0.210000E+02 0.694841E+00 0. 171769E+01 0.757859E-02 0.212987E+01
0. 212500E+02 0. &9440E+0O0 0. 171769E+01 0.748943E-02 0. 212988E+01
0.215000E+02 0.694840E+00 0. 171769E+01 0.740235E-02 0.212988E+01
0.217500E+02 0.694839E+00 0. 171769E+01 0.731727E-02 0.212988E+01
0.220000E+02 0.694838E+00 0. 171769E+01 0.723413E-02 0.212989E+01
0.222500E+02 0.694838E+00 0. 171769E+01 0.715285E-02 0.212989E+01
0.225000E+02 0.694837E+00 0. 171769E+01 0 707338E-02 0.212989E+01
0.227500E+02 0.694836E+00 0. 171769E+01 0.699565E-02 0.212989E+01
0.230000E+02 0.694836E+00 0. 171769E+01 0 691961E-02 0.212990E+01
0.232500E+02 0. 694835E+O0 0. 171769E+01 0.684521E-02 0.212990E+01
0.235000E+02 0 694835E+00 0.171769E+01 0.677240E-02 0.212990E+01
0.237500E+02 0.694834E+00 0. 171769E+01 0.670111E-02 0.212990E+01
0.240000E+02 0.694834E+00 0. 171770E+01 0.663131E-02 0.212991E+01
0.242500E+02 0.694833E+00 0. 171770E+01 0. 656295E-02 0.212991E+01
0.245000E+02 0.694833E+00 0. 171770E+01 0.649598E-02 0.212991E+01
0.247500E+02 0.694832E+00 0. 171770E+01 0 643037E-02 0.212991E+01
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TABLE 6-7. SPECTRAL NORM AND RADIUS BY HUGHES METHOD

(p = 0.470074 13 = 0.5

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM~ SPECTRAL RADIUS SPECTRAL NOR14

________B Y HUGHES BY HUGHES BY HUGHES BY HUGHES

6.6699003E+96 6. IUSUSSE+fl 0.162439E+61 I. i@SSSSE+1. 0.16a&E+61
*. Bee-ei 6. 941 316E+66 U. 149436E+UI 0. 941&64E+99 0. 149S9E+G1
S. 06O669+96 0.9843496E+60 0. 133452E+Oi 0.86621&E+eo 9. 132659E+01
0.20"9OE+6O 0.76Sqi6E+SG 0. 131845E+G1 e.777443E+88 %. 129433E401
0. 309*GE+O 0. 723414E+00 @.1i463S9E+8i 3. 74a852E+US 3. 1419aiE+Si
*.5000cet 6.687153E+09 0.167132E~el 0.713663E+60 O.iS9933E+01
0. 7S"**E+60 6. 669184E+90 0. 179296E+61 0. 79023LE+00 8. ±76391E+01
S. ISSSSSE+fl 9.6696&17E+00 S. 185282E+e1 0. 693985E+00 S. 17SS19E+S1.
S.ISSSS6EISI 9. 652563E+98 3. 19945E+61 9. &8821SEi-S3 S. £8339E+01
S.20SSOOE+SI 6. 648795E+99 0. 193579E+91 0. 685568E+00 S. 182572E+@1
S. 3@3E+S1 S. &4SZ4SE+09 9. 196443E+01 0. 683079E+00 3. 184658E+1.
S. 49SSSOE+fl S. 43552E+00 S. 1972E+S1 0.681911E+eo S. 185633E+91
s.SeSSSSE+S1 0. 64257@E+60 9.19Y7872E+01 @.68i236E+SS 9. 86l98E+*1
0.ISSS*E+Sa 0.649686E+08 0. I991SIE+01 6.679944E+00 G.i87a74E+g1
9. 299000E+62 S. &39773E+SS S. 1997S9E+9I 0. 679328E+00 0. 187784E+01
S. 39550E+S2 0. 639477E+60 S. 1999S6E+91 6.6&79127E+00 3. 187955E+01
0. 46"9@E+02 0.6839330E+00 S. 290054E+gl 0. 679028E+90 S. 188@32E4S1
S.SSSSSSE+SB 0. 639243E+00 S. ZUSII3E+Gi 0. 678969E+00 S.i1881E+01
S.7S@9G@E+SB 0.6&39126E+99 0. ZSUIYSE+e1 0.678890E+00 0.188146E+91
S. ISSSSSE+53 0.639068E+90 S.as@2z9E+@1 0.6785E+60 S. 188179E+S1
9.BSSSSSE+*3 0. 638981E+90 0. 290287E+91 0.678792E+09 S. 188?-7E+@1
S. 396005E+53 0.6~38952E+00 9..200306E+01 0.6&78773E+00 0. 188243E+01
S. 49541@E+63 6.6&38937E+90 0. 8S03146E+Qi 6. 678763E+66 S. iSZSIE+1,
S.SSSSSE+03 9. 638929E+99 0. aSS3ajE+01 S. 6787S7E+SS 0. 188256E+01
0. 750000E+03 9.6&38917E+00 0. 260329E+01 0.6&78749vE+00 9.188263E+91
S. ISSSOSE+04 0.638911E+90 *.Ze9333E+6i 0.67874SE+09 S. lS8abbE+01
S.209SS*E+04 0. 63903E+99 6. 200339E+01 S. 67873S'E+0S 8.188271E+01
S. 399698E+64 0.63899E+00 0. 200341E+01 0.678737E+00 0. 198272E+01
0. 4900**E+04 0. 638898E+90 9.2005342E+91 0. 678736E+00 S. 188273E1 SI
9S@55*SEI54 0. 838898E+Se 0. 200342E+01 0.6878736E+00 9. 188274E+01
S.7S9SSSE+S4 0. 638896E+00 9.2eS5343E+01 0.678735E+09 6. 188274E+fl
S. ISSSSSE+SI 0. 638896E+09 S. 20S343EIf1 0. 67873SE+0S 6. 188275E+1.

NOTE CONSTANT VALUES ARE:
a = -. 1 6=1.4

Y= 1.39296 =O.1
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TABLE 6-7. (CONT.)

13=0.6 (3=0.7

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

O.000000E+U0 0.±O0000E+0i 0.16i197E+01 0.i000Q'E+01 0.161803E+01
0.SOSSSOE-S1 0.942S6SE+00 0.147730E+0i 0.943444E+00 0.146667E+01
0,100000E+00 •.874146E+00 0.130292E+01 0.8813S8E+00 0.i29893E+0j
U.ZSOOSE+U 0. 809720E+00 0.122813E+0i 0.834832E+00 0.117848E+0i
0.300000E+00 0.791052E+00 0.130303E+oi 0.826267E+00 0.i22i67E+01
0.50000E+90 0.779404E+00 0.141829E401 0.823461E+00 0.129S8E+@1
0.75000E 00 0.774922E+00 0. i48426E+01 0.82326TE+00 0.i343i4E+01
0.10000E+01 0.7730BiE+00 0.tS1610E+o1 0.823441E+00 0.i36433E+0i
0.1S6600E+0i 0.77154SE+00 0.i54564E+0i 0.823778E+00 0.138381E+01
0.200000E+01 0.770902E+00 0.5S9i8E+01 0.824008E+00 0 13926SE+0i
0.300000E+01 0.770349E+00 @.lS7170E+01 0.824277E+00 0.140077E+0i
0.400000E+01 0.770i07E+00 0.1S7753E+0± 0.824427E+00 0.1404S3E+01
0.SOO@E+01 0.769974E+00 0.iS8@88E+0i 0.82451E+00 0.140669E+01
0.it0001lE+02 0.76973SE+00 0.i58724E+0i 0.8247P1E400 0 141076E+01
0.200000E+02 0.769629E+00 0.iS90@SE+@i 0.82482&E+00 0.141267E+0i
0.300000E+02 0.769S9SE+00 0.IS9122E+0i 0.824862E+00 0.i4i39E+0i
0.40008E+02 0.769S79E+00 0.±59170E+01 0.824880E+00 0.141359E+01
0.500000E+02 0.769570E+00 0.tS9199E+0i 0.82489iE+00 0.141377E+01
0.7SOOSE+02 0.769557E+00 0.159237E+0i 0.824906E+00 0.14i402E+01
0.1000e'UE+03 0.769SSIE+00 0.1592S6E+01 0.824913E+00 0.141414E+0i
0.200000E+03 0.769541E+00 @.i592S4E+0i 0.824924E+00 0.14i431E+0i
0.300000E+03 0.769538E+00 O.i59294E+0i 0.82492aE+00 0.i4i437E+0i
0.40000@E+03 0.769537E+00 0. i59 9E+0i 0.824929E+00 0.141440E+01
0.56@E'fSE+03 0.769S36E+00 O.±S9301E+Ot 0.824931E+00 0.14i442E+01
0.750061E+63 0.769535E+00 0.1S9305E+0i 0.824932E+00 0.14144SE+01
0.t@G000E+G4 0.769534E+00 0.159307E+0i 0.82493-4E+00 0.141446E+0i
0.20000@E+04 0.769S33E+00 0.159310E+Oi 0.824934E+00 0.141448E+01
0.30000E+04 0.76S53:4E+00 0.iS93ilE+0i 0.824934E+00 0.141448E+01
0.400000E+04 0.769533E+00 0.1S9311E+i 0.824934E+00 0.141448E+01
0. 50USE+G4 0.769S32E+00 0.i593i1E+0i 0.B24935E+00 0.141449E+Oi
0.7500@@E+04 0.769532E+00 0.1S9312E+01 0.82493SE+00 0.141449E+01
@.ieGmUoE+0S 0.769S32E+00 0.iS93±2E+01 0.82493SE+00 0.141449E+0i
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TABLE 6-7. (CONT.)

1= 0.8 (3=0.916275

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM1
__________BY HUGHES BY HUGHES BY HUGHES -BY HUGHES

0.89090*EIOS 0.10900*E+G1 6.161916E46i 0.100006E+Oi 0.162343E+91
S.5S699SE-91 0.944392E+00 @. 14S8@3E+@1 0. 94S274E+00 6. 14S@3@E+01
U. ISUGSOE4I 0. 887931E+66 U. 126S93E+91 0.894867E+90 U. 124918E+ai
0.269099E+00 0.854997E+00 G. 114639E+01 0.873683E+00 e. I1sSYSE+ei
0. 3000**E+00 8.9527&SE+*G 0. 1162/6E+91 0. 876302E+00 0. 111287E+01
G.S9M@@E4*G @.SS4992E+00 0. 121684E+01 @.881876E+00 @. 1±5122E+S31
0.7S@009E+08 a. SS7059E+00 0. 124SSE+01 0.885331E+90 0. 117473E+01
0.100006E+01 S.BS82SeE+00 6.la6370E+01 0.887123E+00 @.il8S93E+@1
a. IS@OSSE+91 0.85951SE+00 S. 127751E+01 0.88892iE+00 0. 119612E+91
Q.2G@UOSE+6i 6.868169Ec+00 U.128374E+Si 0. 8898i4E+00 G. ±2*I69E+01
U. 30069E+S± 0.860833E+00 U. i28943E+Gi 0. 890697E+00 0.1±20484E+91
0.4556@E+91 0.g6ii68E+09 U. la9206E+al 0.89113SE+00 U. ±2Ub75E+G±

0.099E9 .861371E+00 U. 1893S5E+@1 0.891396~E+00 U. i2@783E+@i
6.1ea96*E+0a 0.861777E+00 S.iE9637E+01 0.89191SE+00 O. ±2U987E+01
U.20*S0SE+92 0.861981E+00 0. 129768E+01 0.89217 $E+00 U. 121981E+0I
9.300609E+92 0.862S@~E+00 U. 129811E+U1 0.8922SSE+00 Q.12aiii2E+G1
a. 400USSE+SZ 6.862084E+90 a. i29S32E+01 a. 8923@iE+00 a. ±811Z7E+l.
0.5SSUSUE+62 6.862104E+00 0.1298g44E+01 0.892326E+00 8. 12ll36E4@i
0.7S@USWE+U8 0.862131E+00 0. 129861E+91 0.89236LE+60 0. 121148E+01
O.iSGSE+03 0.86214SE+9U 0.129869E+01 0,892378E+90 *.lallS4E+Ui
0.2099*GE+53 0.862166E+00 0.129881E+01 6.89a463E+UU 0.121162E+01
6. 30SU9E+63 6.86217EE+00 0. 129886E+Oi 0. 892412E+00 0.12ai16SE+01
9.40096@E+03 6.862176E+00 G. ia98S8E+Oi 0.992416E~+00 a. 1~167E+*±
*.SUOSSOE+G3 0.862178E+00 0. 12989E+61 0.89Z419E+09 6. ±2ii68E+8i
*.7S65S*E+@3 0.86218lE+00 a. i2989*E+01 0.892~422E+00 a. 1i169E+Si
0.10SS*E+04 a. 86Ei9aE+UU U. £889iE+@1 0. 892424E+90 0.1±21169E+01
0.20"6@SE+04 @.862ls4E+90 0. 129892E+01 0. 892426E+06 0. 121170E+01
0.309086E+14 0.8628SE+00 O.i29893E+01 0.892427E+00 0.121171E+01
0.406666E+64 0.86218SE+90 0. 129893E+01 0,899427E+00 U. 121±7iE4U1
O.SSGGE+94 9.8621gSE+00 0.129893E+01 0.89242bE+00 0.121.17lE+8i
*.7S*SSSE+04 0.862186E+00 0.129893E+01 0.892428E+00 0.1l17lE+Si
a. ISSUSSE+65 *. s6ais6c+6a U. ±9893E+G1 0.892~428E+00 a. 12il7iE+%i
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TABLE 6-8. SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR a - 0.0, y - 0.5, 0 - 1.0, = 0.10

= 0.25 p = 0.50

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

*. S OOSE+US 0.1000@E+01 @.16888YE+01 . 100@E+01 O.164104E+01
0.50009SE-01 0.969796E+00 0.i6@87&E+9i 0.970497E+20 . 1SZ808E+01
U.I6U6OUE+00 0.944358E+00 6.15a844E+01 %.. 13383o . 3!43e
0.20000E+06 0.913620E+o0 0.19339E+O1 0.932081E+06 Q.14911UE+i
0.300080E+00 0.904694E+00 0.276424E+01 0.934267E+00 0.18&857E+01
0.500000E+00 0.9131S2E+oo 0.407467E+01 0.948395E+00 0.236323E+ i
0.750000E+00 0.930483E+00 0.490431E+0i 0.96179SE+00 0.261973E+01
S.10000E+01 0.943773E+00 0.531061E+0i 0.970149E+00 0.273142E+01
0.150000E+01 0.966Si8E+00 0.567188E+01 0.979458E+60 0.282326E+01
0.200G00E+01 0.969423E+00 S.S2450E+01 0.984405E+00 0.285974E+01
0.30009E+01 0.979231E+00 e.59S246E+01 0.989504E+00 0.2889siE+i
0.400000E+81 0. 984398E+06 8.60O589E+01 0.992099E+00 0.290075E+01
0.50000@E+01 0.987398E+00 0.603431E+01 0.993667E+00 0.290684E+91
0.10000@E+02 S. 993660E+00 0. 600253E+Ui 0.996824E+00 0.291678E+M1
0.20000@E+02 0.996823E+00 0.61U217E+01 0.998410E+00 .292063E+01
0.300086E+02 0.99788@E+00 0.610804E+Ui 0.998940E+00 0.292174E+01
0.400000E+02 0.99841@E+00 0.6110SE+01 0.9992@5E+00 0.292227E+01
0.500000E+02 S.998728E+00 0.61i249E+01 .999364E+Se 0. 29257E+1-
0.7S@GSeE+U2 0.9991S2E+00 0.611463E+01 0.999576E+00 0.292296E+91
0.100098E+93 0.999364E+00 0.611568E+01 9.99968aE00 0.292316E+01
@.a@0U0SE+03 0.999682E+00 0.611723E+01 0.999841E+89 0.292344E+O1
0.300000E+03 0.999788E+09 0.611774E+01 0.999894E+00 0.292353E+01
S.405SSSE+@3 0.999841E+00 S6.11799E+61 0.999920E+00 .292358E+U1
0.5000@@E+63 0.999873E+09 0.611015E+01 0.999936E+00 0.29236@E+Si
0.7590SSE+03 0.999915Eee 0.b1183SE+01 0.9999SBE+eo 9.292364E+01
0.10006E+94 9.999936E+00 6. 611845E+01 0 999969E+0 0.292366E+01
0.200096E+64 0.999968E+00 . 61186@E+01 0.999984E+00 0.292368E+01
0.30000@E+04 0.999979E+00 0 61186SE+01 0.999989E+06 9.292369E+o1
0.400955E+94 0.999984E+00 6.611867E+01 9.999992E+66 .29237SE+01
U.SSSSSSE+04 0.999987E+00 0.611869E+01 6 99994E+86 9 29237@E+91
0.75000E+04 0.999992E+00 . 611871E+Si 0.999996E+S0 9.29237@E+91
9.100090E+OS 0.999994E+00 0.611872E+01 0.999997E+66 S 29371E+01
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TABLE 6-8. (CONT.)

(3=2.00

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
___________BY HUGHES BY HUGHES

90000S0@E+00 0. ISOOSE+o1 0. 206656E+91
S. 5005E-S1 0. 97469GE+0S S. ±73S39E+01
S. ISSSSE+90 0. 965485E+00 S. 13@197E+S1
0. 200@E+00 2.970223E+00 9. 117762E+01
0. 300006E+00 0. 977611E+00 S. ±19919E+0i
0.50000@UE+90 0. 984965E+00 G. 18348iE+%i
0. 750909E+00 0. 989677E+00 S. 125626E+0i
0.100099SE+91 0. 992172E+00 S. 126648E+S1
S. 1S8@6SE+. S. 994738E+8a S. 127S79E+01
0.29600@E+01 0.996042E+90 0. 127999E+01
S. 30090GE+9i 0. 99735SE+US S. 12S382E+G±
0.4060@QE+S1 0.998614E+00 S. 128558E+01
0.500909SE+01 0. 998411E+00 S. £28659E+oi
S. ±OSSSSE+02 S. 9992SE+00 S. 128949E+S1
S. 2SSCSSE+S2 0. 999602E+00 S. 12893SE+S1
S. 30010SE+S2 0.999735E+00 O. i28967E+Oi
0. 40090@E+02 S. 9998@IE+SS S. 128981E+el
0.500900SE+02 0. 999841E+00 S. 129989E+Si
S. 75555E+02 0. 999894E+00 S. ±29ss1E+S±
0. 100006E+93 0.99992@E+00 G. 12900E+Si
0. 20099@E+03 0. ?999EiSE+SS S. 129015E+01
0. 30000@E+03 0. 999973E+00 G. ia9S±7E+@i
0.40000@E+93 0.99998@E+00 %.ia9%i.9E451.
S.SSSSSSE+@3 0.999984E+00 S. la902@E+Si
0. 7500@SE+03 0. 999999E+00 @. 12902iE+@1
6 ISS668E+04 0.99999aE+00 S. 1298ZiE+0i
0.20600E+04 0. 999996E+00 G. ia9Q22E+l
0. 30009@E+94 0. 999997E+00 S. 129022E+Oi
0.400609E+04 0.999998E+00 0. 129022E+S1
0.50000@E+04 0.999998E+00 S. 129023E+Oi
0.75000@E+04 0.999999E+00 0. ±29023E+Oi
* ISSSSSE+SS 0.999919E+00 @.i29023E+@i
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TABLE 6-8. (CONT.)

11.00 (31.50

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
__________ BY HUGHES BY HUGHES BY HUGHES BY HUGHES

o.OOOGE0 . ±ooooE+0i O. ±&283iE+Gi Q*eaeEQ et7&997E*Qi
0.50000@E-01 0. 9718O4E+00 0. i4SO24E+Oi %.973se%%4S0 S. 1S173&ES1
0. ±OOOOOE+0@ 0.955923E+00 0. ia±049E+0i e.961286E+00 0.i1166e7E+0i
0.20000@E+00 0.952408E+00 O.iO96SSE+01 0.963367E+00 0.107874E+01.
0. 30000@E+00 0.959423E+00 0. 121426E+oi. 0.970650E+00 0. 1ii1BSE+01
0.500000E+00 0.971SO3E+00 0. i37S39E+Oi @.qeo316E+00 0. iBs84E+@i
0. 750000E+00 0.979896E+00 0. i4S±7OE+01 0. 986358E+00 0. 12a3seE+01

0. i@0000E+01 0. 984596E+00 0. ±48331E+Oi 0. 9S9620E+00 0. i2409?E+Oi

0. iSOO0E+0i 0.99S6~2E+00 0. i50860E+@i 0. 913004E+00 0. 125574E+1,

0.20000@E+O1 0. 992i23E+00 0. iSi849E+Oi 0. 914731E+00 0. i26202E+Oi

0. 300000E+01 0. 994724E+00 0. 1S2637E+oi 0.S9&476E+00 0. i26749E+01

0. 40000@E+01 0. 99603SE+00 0. ±529S2E+01 0. 9973S4E+00 0. 126990E+01

0.SOOOOOE+1. 0.996825E+00 0. ±53ii6E+Oi 0.997882E+00 0. 127123E+01
0.10000@E+02 0.99841@E+00 0.1E53385E+@l 0.99894@E+00 0.127367E+Oi

0.2~0000@E+02 0. 999205E+00 0. i53490E+Oi 0. 99947@E+00 0. 127476E+01

0. 300000E+02 0. 999470E+00 0. i53520E+Oi 0. 999646E+00 0. 127511E+Oi
0.4900060E+02 0. 999602E+00 0.1±53534E+01 0. 99973SE+00 0. i27528E+01
0.50000@OE+02 0. 999682E+00 0. 153543E+01 0.,999788E+00 0. 127538E+Mi

0.7500@'E+02 0.999788E+00 0. iS3SS4E+01. 0.999B59E+00 0. ia7SsiE+0i
0.±oo@0WE+03 0.999841E+00 0. i53S59E+Oi 0.999894E+00 O.i27558E+01

0.20000@E+03 0. 999920E+00 0. ±S357E+0i 0. 99994.7E+00 0. 127567E+01

0. 300006E+03 0. 999947E+00 0. 153569E+Oi 0. 999965E+00 0. 127571E+ei
0. 40000@E+03 0. 99996@E+00 0. ±5357iE+O± 0. 999973E+00 0. 127572E+01
0. 500000E+03 0. 9?9968E+00 0. IS3S7IEf0 0.9~99979E+00 0. 127573E+01

0. 750000E+03 0. 999979E+00 0. iS3S72E+0i 0. 9'9986E+00 0. ±27S75E+01
0. I00@06E+04 0. 999984E+00 0. iS3573E+01 0. 999989E+00 0.12a7575E+01

0.2~00000IE+04 0. 999992E+00 0. ±53574E+Oi 0.919995~E+00 0. 127S76E+01
0. 300000E+04 0. 99999SE+00 0. ±53574E+Oi 0. 999996E+00 0. 127S77E+01
0. 40000@E+04 0. 999996E+00 0. 153574E+01 0. 999997E+00 0. ±27577E+01
0.50000E+04 0. 999997E+00 0. 15S74E+0i 0. 999999E+00 0. 127577E+01
0. 75000@E+04 0. 999998E+00 0. 153S74E+0i 0. 999999E+00 0. 127577E+01
0. i6@@60E+0S 0. 999998E+00 0. ±53574E+Oi 0. 999999E+Oe 0. 127577E+O1
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TABLE 6-9. SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR a = 0.0, Y = 1.0, 0 = 1.0. = 0.10

= 0.50 p = 1.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS -SPECTRAL NORM

BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.000000E+00 0. iO0OOE+Oi 0.16i803E+0i 0.100000E+0i 0.i67459E+01

0.5000SOE-01 0.948227E+00 0.±47024E+Oi 0.950484E+00 . 145749E+0i

0.1o00E+S0 0.869383E+00 0.t29i88E+01 0.887427E+00 0. 117277E+01

0.200000E+00 0.699986E+00 0.152490E+0i 0.795143E+00 0. iISSE+0i

0.300000E+00 0.563122E+00 0.203763E+0i 0. 750456E+00 0. 130247E+Oi

0.5OOOOOE+00 0.390342E+00 0.268792E+0i 0.718445E+00 0. i52044E+01

0.750000E+00 0.458296E+00 0.304375E+01 0.707948E+00 0.i6257iE+01

0.100000E+O1 0.682762E+00 0.3209SiE+0± 0.700929E+00 0. 167i33E+01

0.iSOOOOE+0i 0.831439E+00 0.3356S9E+0i 0.703687E+00 0.17eVBeE+0i

0.20000E+Oi a89034E+00 0.342047E+01 0.703785E+00 0.172599E+0

0.3000'b0E+0i 0. 936369E+00 0. 347654E+0± 0.704382E+00 0. 173975E+0i

0.400900E+01 0.956i95E+00 0,350135E+0i 0.704871E+00 0.i74570E+01

0.SOOSO0E+Oi 0.966849E+00 O 351514E+Oi 0.705226E+00 0. 174896E+01

0.1i0tS0E+02 0.985334E+00 0. 354013E+0i 0. 706074E+00 0. 175f78E+01

0.200000E+02 0.993i49E+00 0. 355±30E+0i 0.706567E+00 0.175732E+01

0.300000E+02 0.995540E+00 0. 355482E+Oi 0.706742E+00 0.175812E+0i

0.400000E+02 0.996696E+00 0.355654E+01 0.70683iE+00 0.175BSiE+0i

0.500000E+02 0. 997376E+00 0. 355756E+0± 0.70688SE+00 0. 175974E+0i

0.750000E+02 0.998268E+00 0. 355891E+Oi 0.70695BE+00 0.175904E+01

0.i6O00E+03 0.998707E+00 0. 355958E+0± 0.706995E+00 0. 175919E+01

0.200000E+03 0.999359E+00 0. 3560S7E+01 0.70705iE+00 0.17594±E+01

0.300000E+03 0.999573E+00 0.356090E+Oi 0.707069E+00 0. 175949E+SI

0.400000E+03 0.999680E+00 0.3S6IO6E+Oi 0.707079E+00 0. 17S9SE+01

0.S0000E+03 0.999745E400 0.356i16E+0i 0.707084E+00 . 17S954E+O1

0.750000E+03 0.991830E+00 0.356129E+0i 0.707092E+00 0. 175957E+Ui

0.100000E+04 0.999872E+00 0,356i3&E+01 0.707096E+00 0 175958E+Mi

0.200000E+04 0.999936E+00 0,356145E+01 0.707101E+00 0 17S961E+01

0.300000E+04 0.999958E+00 0,356i49E+0i 0.707103E+00 0. 175961E+01

0.400000E+04 0.999968E+00 0,356150E+01 0.707104E+00 0. 175962E+Si

0.500000E+04 0.99997SE+00 0,35615iE+0i 0.707105E+00 0 1759&EE+0±

0.750000E+04 0.999983E+00 0.356153E+0i 0,707105E+00 0.i7S962E+01

0.i00000E+0S 0.999987E+00 0, 356153E+0i 0.707106E+00 0. 175962E+0i
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TABLE 69. (CONT.)

=1.50 0=2.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
- BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.00006E+00 0.100000E+01 9.1t4776E+i 0. 1000E401 S.2E909 0l
S.SUsGSSE-U1 9.9525S3E+00 0.±S4916E+01 0.954455E+00 0.i72812E+01
0.1iSOSUE+U0 0 901078E+00 0.116726E+01 0.911769E+00 0.123909E+01
0.200000E+0 0. B44075E+00 0.10±640E+01 O.B74041E+00 0.104702E+01
0.300000E+00 O.823950E+00 0.11i562E+0i 0.S63794E+00 0.110793E+01
0.500000E+00 0.813302E+00 0.123372E+0i 0.860027E+00 0.1±8S67E+01
0.7ShffUE+00 0.Bi8356E+00 0.128989E+01 0.S60317E+00 0.122367E+01
0.100000E+01 0.811456E+00 0.131410E+0± 0.86±OSBE+00 0.±24035E+0±
0.i5000E+O1 0.812332E+00 0.133457E+0i 0.S62296E+00 0.125472E+W1
0.20000@E+01 0.813070E+00 0.134317E+01 0.863064E+00 0.126089E+01
0.30000@E+01 0.B1400E+00 0.135058E+Oi 0.863943E+00 0.±26632E+01
0.400000E+01 0.SI45S6E+00 0.135382E+01 0.864423E+00 0.126873E+0±
0.5000S E+0± 0. B±4909E+00 0.135560E+0± 0.B64724E+00 0. i27009E+Oi
0.100000E+02 0.BS5666E+00 0.13SBS2E+01 0.865355E+00 0.127257E+01
0.200000E+02 0.816072E+00 0.136025E+0± 0.B65686E+00 0.127370E+01
0.300000E+02 0.86212E+00 0.136070E+0i 0.865798E+00 0.127406E+01
0.400000E+02 0.816282E+00 0.136092E+01 0. 865854E+00 0.127424E+01
0.50008E+02 0.816325E+00 0.136105E+0i 0.965SB8E+00 0.127434E+01
0.750000E+02 O.816382E+00 0.136122E+01 0.865934E+00 0.12744eE+01
0.10000@E+03 0.e16410E+00 0.±36131E+0± 0.B65957E+00 0.127455E+0i

0.20OO E+03 0.816453E+00 0.i36144E+0i 0.B6S991E+00 0.1274&65E+0±
0.300000E+03 0.816468E+00 0.136148E+01 0.S6600EE+00 O.i27469E+Oi
0.400000E+83 0B16475E+00 0.i3615iE+0i 0.B66008E+00 0.127470E+01
0.500000E+03 0.816479E+00 0.136151E+01 0. 866012E+00 0.127471E+0i

0.750000E+03 0.8164BSE+00 0.136153E+0i O.866016E+00 0.127473E+0±
0.i00000E+04 0. 816488E+00 0.136154E+01 0.866019E+00 0. 127473E+01
0.200000E+04 0.816492E+00 0.136155E+01 0.866022E+00 0. 127474E+01
0.300000E+04 0.816494E+u0 0.136lSSE+01 0.866023E+00 0.127475E+01
0.400000E+04 0.816494E+00 0.136156E+01 0.866024E+00 0. 127475E+01

0.500000E+04 0.816495E+00 0.136156E+01 0.866024E+00 0. 127475E+01
0.75OOSE+04 0.e16495E+00 0.136156E+0± 0.866024E+00 0. 27475E+01
0.10f00E+05 0. 816496E+00 0. ±36i56E+0i 0. 066025E+00 0 ±27475E+0i
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TABLE 6-10. SPECTRAL NORM AND RADIUS FOR HUGHES METHOD FOR a = 0.0, 'y = 1.01111, 0 = 1.1, 0.10

0 = 0.398115 p = 0.4

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

*.SSUOSUE OS S. I@@0@E+01 9.162S94E+@1 0.1000 0E+01 0.162580E+01
0.50009@E-01 0.947943E+00 0.149819E+01 0.947954E+00 D.14978iE+01
0.1I099E+O0 6.869438E+00 0.134596E+01 0.869541E+00 0. 134513E+Oi
0.20060E+90 . 712344E+S S.i±54846E+U1 0.713070E+00 0.154553E+6i
0.300069E+90 0.612235E+00 0.201709E+01 6.613826E+00 0.2@128E+01
U.50609*E+00 0. 531664F+00 0.264248E+01 0.534-342E+00 0. 26320E+0i
0.7508OE+90 S 499617E+09 0.299809E+01 .5S2905E+00 0. 29845E+01
9.1000@@E+01 4.486723E+90 0.316777E+01 0.490316E+00 . 315271E+01
%. 15000E41 0.741544E+00 0.33a134E+S1 0.768767E+00 9 330481E 0i
0.20090@E+61 0.832626E+60 0.338933E+01 0.804674E+00 0. 337211E+01
0.306096E+01 0.903274E+00 0.344997E+01 0.877199E+00 • 343214E+0i
0.400@@E+01 0.932666E+00 0.347721E+01 0.907102E+00 0. 345909E+01
0.500909E+1 0.948579E+00 0. 349250E+01 0.923239E+00 0.347421E+01
0.10008*E+2 S.976691E+00 0.352057E+Oi 0.951669E+00 0.350198E+01
0.200009E+92 0.988935E+00 S. 353330E+01 0.96402@E+00 0. 351458E+01
0.3000SSE+92 0.992752E+00 S. 353735E+S1 0.967867E+00 0. 351858E+01
0.4@0000E+82 0.994611E+00 0. 353934E+01 0.969739E+00 0. 3SSS5E+01
0.509@SE+02 0.99571iE+00 0.354052E+Si 0.970847E+00 0.352172E+01
0.7S0@@E+92 0.997159E+00 0.354,07E+01 0.972305E+S0 0.352326E+0i
S. 1SSSS@E+93 0.997875E+00 0. 35428SE+SI1 0.973026E+00 0. 35240EE+0i
0.2000@E+93 0.998939E+09 0.3544@0E+01 0.974097E+00 0.352516E+01
0.3009SE+S3 0.999291E+90 0.354438E+S1 0.974451E+00 0. 3S2554E+01
0.4000*E+03 0.999466E+00 0. 354457E+01 0.9746 E4S00 b. 3S2573E+0i
S.5S0099E+03 S.999S72E+00 0.354469E+S1 0.974734E+00 0.352584E+01
6.75696E+93 6.999712E+00 0.354484E+01 0.974875E+00 0.352599E+Oi
9.1000E+04 9.999782E+00 0.354492E+9i 0.974945E+00 0. 352607E+01
0.20009@E+94 S.999886E+oS 0.354593E+01 0.975051E+00 0. 352618E+01
0.30090E+94 0.999921E+90 0.354507E+01 0.975086E+00 0.352622E+01
0.409060E+04 0.999939E+00 0.354509E+Si 0.975104E+00 0.352624E+01
0.50090@E+04 0.999949E+09 0.354515E+01 0.975114E+00 0. 35262SE+01
0.756999E+04 0.999963E+00 0. 354511E+01 0.975128E+00 0.352626E+01
0. 10000@E+05 S.99997@E+00 0.3S4512E+01 0.975135E+00 0.352627E+01
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TABLE 6-10. (CONT.)

0=0.5 =.6

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

U. UOUOSSE+00 0. IOOOE+01 0.162008E+0i 0. OOOOOE+01 0. 1bBO4E+Oi
O.S9666GE-01 0. 94517E+00 0.i47980E+01 0. 949068E+00 Q.146S6E+0i
0.1000@@E+00 0. 874770E+00 0.13047?E+0i 0. 879609E+00 0.127i25E+01
0.20000E+00 0. 746OSE+00 0.140979E+01 0. 773250E+00 0.130572E+Oi
0.30000@E+00 0.681635E+00 0.174647E+01 0.728144E+00 0.i55507E+0i
0.500000E+00 0.639864E+00 0.21772SE+01 0.704435E+00 0.186737E+0i

0.750000E+00 0. 627472E+00 0.240998E+01 0. 99721E+00 0. 203047E+0i
0 10000@E+01 0. 23819E+00 0.251770E+0i 0. 699292E+00 0.210444E+01
. 150068E+01 0. 621934E+00 0.261317E+0i 0.70016E+00 0.216906E+0i
0.200000E+01 0.621669E+00 0.265474E+01 0.701006E+00 0.219687E+0i
0. 3000E+01 0.621863E+00 0.269139E+01 0.7021B9E+00 0.222ii9E+0i
0 4000@@E+01 0. 622134E+00 0.270770E+01 0. 702694E+00 0.223193E+0i

@.SASSSSE+@1 0.622353E+00 0.271680E+01 0.703352E+00 0.223790E+Oi
9.1000@E+62 0.622919E+00 0.273340E+01 0.704348E+00 0.224873E+Oi
0. 20000E+02 0.623266E+00 0.274088E+01 0.704886E+00 0. 225358E+0i
0 30600E+02 0.623391E+00 0.274324E+01 0.70S07iE+00 0.225511E+01
0. 4000*E+02 0.623455E+00 0.27444@E+01 0.705165E+00 0.225586E+0i
•.56868eE+02 0.623494E+00 0.274509E+01 0.70S22iE+00 0.22S630E+0i
0 750000E+02 0.623547E+00 0.274600E+0i 0. 705297E+00 0.225689E+0i
0.10000E+03 0.623S74E+00 0.274645E+0i 0.705335E+00 0.22S7i8E+0i
0.20000@E+63 0.623615E+00 0.274712E+01 0. 70E393E+00 0.225761E+0i
0.30000@E+93 0.62362eE+00 0.274734E+01 0.705412E+00 0.22S77SE+0i
. 490099E+03 0.62363SE+00 0.274745E+0i 0. 70542E+00 0.225783E+0i
. 50099E+03 . 623639E+00 0.274752E+01 0. 705427E+00 0.22S787E+0i

0.7S5OOGE+03 0.623645E+00 0.274761E+01 0.70543SE+00 0.22S793E+0i

0.10000E+04 . 623647E+00 0.27476SE+01 0. 705439E+00 0.225795E+0i
0.2000@@E+04 0. 23651E+00 0.274772E+O± 0. 705444E+00 0.225800E+Oi
0.3000@E+94 0. 623653E+00 0.274774E+01 0. 705446E+00 0.225801E+0i
0.40000@E+04 0. 623654E+00 0.274775E+01 0. 705447E+00 0. 225B2E+0i
S.60S9S0E+04 0.623654E+00 0.274776E+01 0. 705448E+00 0.225802E+0i
0.7SOSSSE+04 0.623654E+00 0.274777E+01 0. 705449E+00 0.22S803E+Oi
0.10000@E+05 0.623655E+00 0.274777E+01 0.70S449E+00 0.225803E+0i
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TABLE 6-10. (CONT.)

P - 0.620658

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

U. SSSUOE+3U 0.10000@E+01 0.161808E+01
0.5000OE-01 .949181E+00 0.146324E+01
0.10066E+00 0.880563E+00 0.126506E+01
0.20000@E00 0.778023E+00 0.128740E+01
0.300086E+09 0.736036E+00 0.152245E+01
0.596660E+00 0.71487&E+00 0.181612E+01
0.75000E+00 0.711158E+00 0.196863E+01
0.10000E+e1 0.71124E+00 0.203756E+0i
0.1500@E+01 0.712273E+00 0.209764E+01
0.20000@E+01 0.713280E+00 0.212344E+01
0.3000@@E+01 0.714568E+00 0.214597E+0i
0.400000E+01 0.715316E+00 0.215591E+01
0.SO@OOOE+i 0.715797E+00 0.21i143E+0i
0. i@e@O@E+92 0.716834E+00 0.217144E+eI
0.200610E+02 0.717389Eo-00 0.217591E+01
0.30000@E+02 0.717579E+00 0.217732E+01
0.40OOE+2 0.717675E+00 0.217801E+0I
9.500090E+2 0.717733E+00 0.217842E+01
0.75@000E+2 0.717MilE+00 0.217896E+01
0.100000E+03 0.717850E+00 0.217932E+01
0.20000E+03 0.717909E+00 0.217963E+01
0.30@006E+93 0.717928E+00 0.217976E+Oi
0.4600**E+03 0.717938E+00 0.217983E+01
0. S6OOSE+3 0.717944E+00 0.217987E+01
0.75000E+03 0.717952E+00 0.217992E+01
0.100@@E+04 0.717q56E+00 0.217995E+01
0.200000E+04 0. 717962E+09 0.217998E+ei
0.300006E+04 0. 717964E+00 0.218000E+Si
0.40900E+04 S 71796SE+SO 0.21800@E+01
0.50000E+04 0 71796SE+00 0.218001E+01
0.7SOOOSE+04 0. 717966E+00 0.218001E+01
0.10000E+05 0. 717967E+00 0.218002E+01

6-46



NSWC TR 86-324

TABLE 6-11. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = 0.0, y = 1.2, 0 = 1.1, = 0.10

= 0.466306 P = 0.6

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.00000E+00 0.100000E+01 0.161812E+01 0.100000E+01 0.16a035E+01
0.SSUOOUE-01 0.94016&E+00 0.147099E+01 0.94099SE+00 0.14S77E+0i
0.1000@SE+00 0.843574E+00 0.130168E+01 0.851298E+00 0.125690E+0i
0.20000E+00 0.646334E+00 0.149844E+01 0.695iSIE+00 0.134073E+01
0.3000E+00 O.S3224SE+00 0.192662E+0i 0.621S74E+00 0.i63i54E+01
O.SessoI E+00 0.457901E+00 0.247320E+0± 0.580206E+00 0.1988i7E+0i
0.7500@OE+00 0.430238E+00 0.277792E+01 0.5$644iE+00 0. 217700E+0i
0.10000E+i S. 586449E+00 0.292318E+0i 0.S64692E+00 0. 226427E+0i
s.Ist5sSE+S1 0.782960E+00 0.30S562E+Oi 0.562301E+00 0.234212E+01
9.20000@E+o1 0.8532i4E+00 0. 311496E+0b 0.56160SE+00 0.237639E+01
0.300009E+01 0.912107E+00 0.3168S9E+Oi 0.561240E+00 0.240699E+0i
0.40000GE+6i 0.937722E+00 0.319303E+01 0.561183E+00 0.24a079E+0i
@.S0000E+U1 0.9Si12E+00 0.320687E+0i 0.561188E+00 0. 242856E+01
0.10099@E+02 0.977681E+00 0.32326iE+01 O.561290E+00 0.244291E+01
0.2000*E+02 0.989270E+00 0. 324448E+01 0.561387E+00 0. 244948E+01
0.3006@E+02 0.992941E+00 0. 324828E+01 0.561426E+00 0.245i57E+01
8.400066E+9a 0.994741E+00 0•3250±6E+0i 0.561446E+00 0.245260E+01
U.580111E+02 0.995809E+00 0. 325127E+Oi 0.5614S9E+00 0.245322E+0i
0.750GGE+92 0.997220E+00 0. 325274E+01 0.561477E+00 0. 24S403E+0i
0.10009E+03 0.99792@E+00 0. 35348E+01 0.561486E+00 0. 24S443E+01
8.2000@E+03 0.998963E+00 0. 325457E+01 0.561500E+00 0. 245503E+Oi

0.30000@E+03 0.9993@8E+00 0.325493E+01 0.561504E+00 0.24SS3E+0i
9.40900@E+03 0.999481E+00 0.3255±lE+Si 0.561507E+00 0.245533E+01
@.S@@996E+03 0.999584E+00 S.325S22E+0i 0.S61508E+00 0.245538E+Oi
S.75S@09E+93 0.999722E+0 0. 325S37E+01 0.5615l0E+00 0.245546E+01
0. 106000E+04 0.999791E+00 0. 3SS44E+01 0.561SiE+00 0.245550E+0i
0.20000E+04 0.999894E+00 0.32S5S5E+01 0.5615i2E+00 0.2455S6E+0i
0.30009@E+04 0.999928E+00 .325558E+01 0.56i13E+00 0.245558E+0i
0.40069E+94 0.999945E+00 S. 32SS6E+S1 O.S61513E+00 0. 245559E+01
S.SSSSSSE+04 0.999955E+00 S.325561E+S1 0.561513E+00 0.245S60E+01
0.7509@@E+04 0.999969E+00 0. 325S63E+Oi 0.561513E+00 0.24S561E+01
0.10000E+05 0.999976E+00 0.325563E+0i 0.5615i3E+00 0.24SS61E+Oi
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TABLE 6-11. (CONT.)

(0.7 (30.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_________BY HUGHES- BY HUGHES BY HUGHES BY HUGHES

0.hh0090E+00 0. I00000E+0± 0. i&2&33E+0i 0.10000@E+01 0.1i63597E+Oil
0. SUSUSUE-Ol 0.941&0@E+00 0. 144875E+6t 0. 942194E+00 0.1i44S2iE+0i
S. ISSSSSE+S0 0.SS&&OSE+00 @.1±23e70E+@i 0.8B61554E+00 0. 120963E+01
U.2SSOSSE+S0 0. 723264E+00 0. 12S377E401 0. 74643SE+00 0. iiSS5E+0i
S. RSSSSSE+SU 0. 6&7684E+00 0.1±47699E+01 0. 703342E+00 0. i3617BE+0i
0. SSUSSSE+SS 0. 639060E+00 0. i74705E+01 0. bB297@E+00 0. 1S7286E+01
*.750101E+UU 0.6&32287E+00 0.i18&640E+01 0. &79125E+00 0. 167977E+0i
S. 19001E+S± S. 630703E+00 0. 194978E+01 0. &78719E+00 0. 172782E+0±
S. ISSSSIE+S1 0. &3SB4SE+00 0. RSSS&6E+0± 0. 67925 3E+00 0. 176981E+0i
3.20EsSSE+SI S.630421E+00 0.203003E+0i 0. 6798S6E+O0 0. 178799E+Oi
S. 355555bE+Si 0. 63096SE+00 S. ROSI64E+01 0. 680676E+00 0. iSO4OiE+0i
S.455555E+SI 0.&31177E+OO e.2e6132E+hi 0.6Biib6E+00 0.iellltE+0i
e. SSSSUSE+SI e.631399E+eO 0.206&76E+Si 0.681485E+00 0. iBISI6E+Oi
U. ISSSSSE+U2 0. 631911E+00 0.207675E+01 0. 682178E+00 0. 182249E+01
U. BSSSSUE+SB 0. 632202E+00 0. 20813@E+01 0. 682553E+00 0. iBeS~iE+01
S. 355555E+S2 0. 638304E+00 S. 20927SE+S1 0. 682682E+00 0. 182686E+0i
U. 455555E+32 0. 63235&E+00 0. 20B346Ef01 0. 6B2748E+00 0. iBE73BE+01
S. SeSSSE+UB S. 632399E+Oh U. 299388E+01 0. 682787E+00 0. iB2769E+Oi
S. 7SSSSSE+e2 0.63243SE+uO U.219444E+Oi 0.682840E+00 0 182810E+Oi
9.10000@SE+03 S. 63E451E+U0 0. 28472E+01 0. &82867E+00 0. 182830E+0i
S.ZBSSSSSE+03 S. 632484E+0U S.2eS5i3E+01 0. 682907E+00 0.1±82860E+01
S. 355555E+03 0. 632494E+SS 0. 208527E+01 0. &92920E+00 0. iBBB7SE+Oi
U. 4SSSOUE+53 0. S32eSUE+5O 0. 208533E+01 0. &B2927E+00 0. iB2S7SE+0i
O.SSSSSSE+53 S.6325S3E+O0 S.209537E+0i 0. bSBV3iE+00 0. iB2B7SE+Oi
S. 7BSSSSE+S3 U. 632Se7E+00 0. 2SBS43E+Oi 0. 682936E+00 0. iB2SEE+Oi
S. ISOSSSE+S4 0. 63BISE+SS U. 20954&E+01 0. 682939E+00 0. iBESB4E+0i
S. dSSSSSE+U4 U. &32513E+SS 0.OeS8E+fl 0. 682943E+00 0. 182887E+@i
*. 355555E+54 U. 632514E+SO U. BSBSSIE+UI 0. 682944E+00 0. 182898E+Oi
S. 4SSSSSE+U4 S. 6325±4E+hS S.2eBSSE+Ui U. 692945E+UU 0. IB2BBBE+U1
*.SeeeSSE+14 U.63251SE+SS 0.208552E+01 0.682945E+00 0. iB2BSBE+01
S. 7SSSSSE+S4 S.6&32515E+00 S. BSBSS3E+UI 0. &82946E+00 0. 182889E+01
S.iSSSSSE+SS S.6BZSISE+0O 0.ZOBSS3E+01 0.682946E+00 0 182889E+0i
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TABLE 6-11. (CONT.)

/1.0 =1.2

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_________BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.000000E+00 0. iOOOOOE+Oi 0. ±66&26E+0i 0. 100000E+0i 0. i7ii30E+01
0.S00000E-O1 0.943346E+00 0.i44782E+Oi 0.944455E+00 0.i462S0E+01
0.IOOOOObE+00 0.870Si0E+00 0.117995E+0i 0.878393E+00 0 iib330E+0i
0.20000@E+00 0.782526E+00 0.±09472E+Oi 0.809440E+00 0 104i79E+0i
0.3000E+0d0 0.755243E+00 0.12l075E+0i 0.791406E+00 0.112754E+01
0.50000@E+00 0.744S83E+00 0. i3S199E+Oi 0. 7B5956E+00 0. i233@iE+0i
0.750880E+00 0. 74385&E+00 0. 142174E+0± 0. 786709E+00 0. ±28423E+Oi
0. 100000E+Oi 0.744588E+00 0. 14S259E+Oi 0. 787907E+00 0. i30667E+0i
0. 150000E+Oi 0.74&OOOE+00 0. 147924E+ODi 0. 7B9616E+060 0. i3ESVSE+Oi
0.200000E+0± 0.746947E+00 0. i49066E+Oi 0.7906SiE+00 0.1i33419E*@i
0. 300000E+01 0.748049E+O0 0. iS006&E+Oi 0. 79iBOiE+00 0.1i34i39E+0i
0.400000E+01 0. 748656E+00 0. i505i0E+@i 0. 792418E+00 0. 134458E+Oi
0.500000E+Oi 0. 74903BE+00 0b.iS07S7E+Oi 0. 792802E+00 0. i3463SE+0i
0. i0000E+0e 0.749B4iE+00 0. i~l2OBE+0i 0,793S98E+00 0.1i349S9E+@i
0.200000E+02 0.7S02b3E+00 0.iSl4iiE+0i 0.79401ME+00 0.i3Si04E+0i
0.300000E+0a 0.7S0406E+00 05.i~i47SE+0i 0.7941S0bE+00 0 i3SiliE+Oi
0.40000@E+02 0.7S0478E+00 0.i~iS07E+0i 0.794220E+00 0.13S173E40bi
0.500000E+02 0.750521E+00 0.151526E+Oi 0.794262E+00 0.i3SiB7E+0i
0.75000E+02 0.750580E+00 0.iSlSS0E+ODi 0.794318E+00 0D.135205E+01
0.100000E+03 0.750609E+00 0. 151563E+Oi 0.794347E+00 0.13S213E+0i
0. 200000E+03 0. 750653E+00 0.1i5l58iE+0i 0. 7943B9E+00 0 13522&E+01
0.300000E+03 0.750667E+00 0.iSiSB7E+0i 0.794403E+00 0.i3S231E+@i
0.400000E+03 0.750675E+00 0. iS1S90E+i. 0.7944iiE+00 0. 135233E+01
0.50000@E+03 0.750679E+00 0.151592E+0i 0.79441SE+00 0.135234E+01
0.750000E403 0.750685E+00 0.15S1594Ef-Oi 0.794420E+00 0. 135236E+01
0.iOOOOOE+04 0.75068E+00 0.151595E+01 0.794423E+00 0.135237E+01
0.2000@E+04 0.750692E+00 0.iS1S97E+01 0.794428E+00 0.135238E+01
0.300000E+04 0.750694E+00 0.1i5SE+0i 0.794429E+00 0.i3S239E+0i
O.400000E+04 0.7S0694E+00 0.i~lS9BE+Oi 0.79443@E+00 0.i3S239E+0i
0.50000@OE+04 0. 750695E+00 0. 151598E+01 0. 794430E+00 0. i3S239E+Oi
0.750000E+04 0.750695E+00 0.i5iS99E+01 0.794431E+OO 0.13S239E+0i
0.iOOOOOE+0S 0.7S0696E+00 0.i~iS99E+0i 0.794431E+00 0 135239E+0i
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TABLE 6-11. (CONT.)

0l= 1.24309

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
____________BY HUGHES BY HUGHES

0. 000000E400 0. 100000E+0i 0. i72294E+Oi
0. SOOOOOE-Oi 0. 944688E+00 0. i4b7ibE+Oi
0.100000OE+00 0. 879970E+00 0. ll6ii2E+@i
0.200000E+00 0. Bi4373E+00 0. i034lBE+01
0. 300000E+00 0. 797519E+00 0. lilS67E+0i
0. 50000E+00 0. 793i6iE+oo 0. i~iS97E+01
0. 750000E+00 0. 794i2iE+00 0. 126452E+Oi
0. ±OOOOOE+Si 0.775378E+00 0. 128576E+0i
0.ISOOOSE+0a 0. 797116E+00 0. 130401E+0i
0. 200000E+Oi 0. 798i56E+00 0. i31180E+01
0. 300000E+Oi 0. 799?304E+00 0. 13i86±E+01
0. 400000E+Oi 0. 7999±BE+00O 0. 132±63E+0i
0. SOOOOOE+Si 0. 800299E+00 0. i3233iE+0i
0. iOOOWOE+02 0. 80ie87E+e0 Z.1i32637E+Oi
0.20000@OE+02 0. BOi49SE+00 0. 13277SE+u±
0. 300060E+02 0. BOi633E+00 0. i32819E+01
0. 40000@E+02 0. BOi7OEE+00 0. 132840E+0i
0. SOOOOOE+2 0. B~i744E+0O 0. i32853E+0±
0. 750000E+02 0. B0±800E+00 0. 132B70E+Gi
@.0. ±OOOE+03 0. BoiB2BE+00 0. 13287BE+01
0. E00000E+03 0. B0±870E+00 0. i3aB9IE+01
0. 30000E+03 0. 801884E+00 0.1i3289SE+@i
0 402000bE403 0.Bib1891 E400 0.132897E+ui
0.50000@SE+03 0. BaiB9SE+00 0.,132898E+0i
0. 750000E+03 0. S0i9iE+00 06-±32900E+01
8.0.6GSOE+04 0.8B01904E+00 0.1i3290iE+01
0.200000E+04 0.S8i9OBE+00 0. 132qG2E+0i
0. 300060E+04 0. 801909E+00 0.-i32902E+Gi
0. 400000E+04 0.e8019l0E+00 0. 132902E+0i
0.500000E+04 0.80i9i0E+00 0. 132903E+01
0. 750000E+04 0. SOi9iiE+00 0. i32903E+01
0. 100000E+0S 0.8B0i9iiE+00 0. 132903E+0t

6-50



NSWC TR 86-324

TABLE 6-12. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = 0.0, 7 = 1.5, 0 = 1.1, = 0.10

p = 0.574609 f = 0.6

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.000000E+00 0.i00000E+0i 0.163222E+0i 0. 10000E+01 0. 163493E+01
0.500000E-01 0.92817SE+00 0144783E+0i 0448367E+00 O.144&74E+3i
0.t00000E+00 0.804128E+00 0.125187E+0i % Ba44al +T%

0.200000E+00 0.S44976E+00 .i4S624E+01 •.SS944E+00 0.142586E+0i
0.300000E+00 0.439350E+00 0 184389E+01 0.456536E+00 0. i78q00E+0i
0.500000E+00 0.395S527E+00 0.23iO85E+Oi . 40554E+00 0.222324E+01
0.750000E+00 0.465845E+00 0.256569E+01 0.402934E+00 0.4581SE+0i
0.100000E+01 0.674298E+00 0.268740E+01 0.406264E00 0 256973E+01
0.150000E+01 0.812124E+00 0.279957E+Oi 0- 1693fE+00 0.267219E+0i
0.200000E+01 0.8690SiE+00 0 28S063E+0i 0.682807E+00 0.271868E+0i
0.300000E+0± 0.919222E+00 0.287S6E+01 0 737272E+00 0.276133EIOi
0.400000E+01 0.941856E+00 0,29i93@E+Oi B.761i06E+BB 2710SE+01
0.500000E+0i 0.9S46S7E+00 0.293176E+0i 0. 774422E+00 0+279233E+01
0.100000E+02 0.978506E+00 0 29SS26E+01 0. 798945E+00 0.18i36iE+01
0.20000@E+02 0.989548E+00 0,296629E+Oi 0 E10164E+00 0.262357E+0i
0.300000E+02 0.993098E+00 0.296986E+01 0 EU 171E+00 0.2SE680E+@i
0.400000E+02 0.994848E+00 0 297162E+01 •.ei5553E+00 0.282e3lE+01
0.509000E+02 0.995890E+00 0 297267E+01 B S16607E+00 •.282933E+0i
0.7500002+02 0.997270E+00 0 297406E+01 0 iS1F1E+00 0.2S3059E+01
0.1OOOOOE+03 0+9979S7E+00 0 297475E+0i • 8186q5E+00 0.r83122E+0i
0.200000E+03 0.998981E+00 0 297579E+Oi B 8172iE+00 0.283215E+0i
0.300000E+03 0.999321E+00 0 297613E+01 0 S0072E+00 0.R83R46E+0i
0.40000E+03 0.999491E+00 • 297630E+01 0 820243E+00 0.2B226E+01
O.S@@@0@E+03 0 999593E+00 0 297641E+01 820346E+00 0.283271E+0i
0.7S0001E+03 0.999728E+00 0 297654E+01 0 E20483E+00 0 2e3283E+0i
0 i00000E+04 0 999796E+00 0 297661Et0i 0 6205SIE+00 0.2e3289E+0i
0.20000@E+04 0 999808E+00 0 297671E+01 0 e0@S4E+00 B 283E99E+01
0.300000E+04 0,999932E+00 0 29767SE+0i 0 S2BOSBE+00 0 283302E+0i
0 400000E+64 0 999949E+00 0 297677E401 0 620705E+00 0 283303E+@1
0.0000@E+04 0 999959E+00 0 297678E+01 B BR071EE+00 0.283304E+0i
0.75000@E+04 0 999972E+00 0 297679E+01 0 620729E+00 0 283306E+01
0 100010E+0S 0 999979E+00 0 297b80E+Oi 0 E7Z6E+00 B 283306E*01
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TABLE 6-12. (CONT.)

0=0.7 =0.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

________B Y HUGHES BY HUGHES BY HUGHES BY HUGHES

0.0000u0@E+00 0.1i00000E+0i 0. ±64774E+0i 0. IOOOOOE+01 0. i6b391Ei0

0.SSSUUUE-01 0.929062E+00 0. 1444&9E+0i 0.9a297S4E+00 0. i44S92E+Oi

0.100088UE+00 0. SiE4S9E+00 0. i21B73E+O± O.SISe7aE+00 0. 119898E+0i

0.20000@E+00 0.59B07&E+00 0.1i32303E+0i 2. 63i7b7Et00 0. i24273Et01

0.300E+00 0.514649E+00 e.160477E+0± 0.5615E0E+00 0.i4681BE+0i

0.S0000@E+00 0.478874E+00 0.1i939@2E+0i 0. S3E00lE+00 0. 172931E+0i

0.7S0008E+00 0.468i37E+00 0.211363E+Oi 0.524513E+00 O.iB63S9E+0i

0. iSOOOOE+0i 0. 4&4046E+00 0.219510E+0i 0. 5220?iE+00 0.1i9E53eE+0bi

0. 150001E+0i 0. 46O7iBE+00 0. 226895E+0i 0. 520423E+00 0. i9BOBOE+0i

0.200000E+01 0.459332E+00 0.a30aliE+0i e.Si9S~iE+ZZ 0. 20ZS47E+oi

0. 3000@@E+01 0. 45B131E+00 0. 233230E+0i 0. 519446E+00 0. 202778E+0i

0.4000@@E+01 0. 4576@@E+00 0.23l4617E+01 0. Si9B0eE+00 0. 203797E+01

0 500000E+0i 0.457304E+00 0.235407E+01 0.5i924iE+00 0.204376E+Oi
0.±00060E+02 0.456764E+00 0.236B92E+01 0.Si9iSSE+00 0.20S4e0E+0i

0.20000@E+02 0. 456520E+00 0. 237584E+oi 0.51i9i35E+00 0.a0SI eaE+0i

0. 300000E+02 8.456442E+00 0. fl7808E+01 0.519i3iE+00 0. 206i24E+01

0. 400086E+02 0. 4S&404E+00 0. 237918E+01 0.51i9i30E+00 0. a06aO4E+0i

0.5000@@E+02 O.456382E+00 0.237983E+0i 0.519i29E+00 0.2O6E5iE+oi

0.75000@E+02 0.456352E+00 0.E30070E+oi 0.519i29E+00 0.2063i4E+01

0.id00@@E+03 0.456337E+00 0.a3BII4E+O± 0.Si9iEBE+00 0.206346E+oi

0.200000E+03 0.456315E+00 0.238178E+0i 0.519i2SE+00 0.20439?2E+0i

0. 300000E+03 0.456308E+00 0.23B200E+0i 0.Sl9iaBE+00 0.206408E+0i

0.40@000E+03 0.456304E+00 0. 2382±OE+Oi 0.51912BE+00 0.206416E+oi

0.50000@E+03 0.456302E+00 a.23e217E+oi 0.519i&eE+00 0.206420E+oi

0.750000E+03 0. 45S29?9E+00 0. 238225E+Oi 0. Si9iEBE+00 0. 206426E+0i

0.100008Et04 0.456298E+00 0.23B230E+Oi 0-S1912SE+00 0,206430E4-Oi

0.200000E+04 0.456295E+00 0.238236E+Oi 0.51i9i28E+00 0. a06434E+oi

0. 30000@E+04 0. 456295E+00 0.E3Ba3BE+Oi 0.51i9i2SE+00 0. 206436E+Oi

0.400000E+94 0.456294E+00 0. 23B239E+Oi 0.5Sii2BE+00 0. 20b436E+oi

0.500000Et04 0. 456294E+00b 0. 238240E+01 0.51i9i2eE+00 0. 206437Efei

0.750000E+04 0. 4S6294E+00 0.23Ba4iE+0i 0.51i912SE+00 0. 206438E+0±

0.10000@E+05 0.,4S6294E+00 0.238241E+Oi 0.Siqi2SE+00 0.a0643BE+0i
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TABLE 6-12. (CONT.)

=1.0 (=1.5

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.OUUUOSE+0O 0.100000E+01 0. 17060SE+oi 0.100000E+01 0.1866.20E+01
0.5000OOE-Oi 0.93iiOOE+00 0. 14S713E+0i 0.934254E+00 0.152771E+01

0.i00000E+00 0.e29913E+00 0.117294E+0 0.852796E+00 0. 11E783E+o1
0.200000E+00 0 ARAmA F4@ 4P47r@a 2N7-7r7n;00
0.300000E+00 0.633084E+00 0. 128iB4E+01 0. 7406BSE+00 0. 109518E+0i
0.5000@@E+00 0.611223E+00 0.14S5S3E+oi 0.730147E+00 0. iE669E+01
0.750000E+00 0.606608E+00 0.154223E+0i 0.728S34E+00 0 1E3062E+01
0.100000E+U± 0.605S6SE+00 0.i8i3iE+0i 0 728594E+00 0. i499OE+Oi
0.1500E+0i 0.60S250E+00 0.16l582E+01 0 72P199E+00 0.it59E+0i
0.200000E+Wi 0.605344E+00 0.163096E+0i 0. 7E9697E+00 0. -7379E+0±
0.300000E+01 0.60S596E+00 0.164451E+oi 0 73032iE-00 0 iEB0i4E+01
0.400000E+01 0.607BT0E+00 0.i6S06SE+Oi 0. 306OE*00 0.12B9-9E+0i
0.500000E+01 0.60S90BE+00 0. 16S4liE+0i 0. 730909E+00 0. iES4S8E+0i
0.100000E+02 0.606205E+00 0.166055E+01 0.731402E+00 0. 1287S2E+oi

0.200000E+02 0.606374E+00 0. 166SiE+Oi 0.731664E+00 0 128886E+oi
0.300000E+02 0.606433E+00 0. 16446E+0i 0. 731754E+00 0. 1a892E 01
0.400000E+02 0.606463E+00 0. i66493E+Oi 0. 73i00E+00 0 1289S0E+01
O.S00000E+02 0.606482E+00 0. 166521E+01 0.7S1827E+00 0 12S963E+01
0.750000E+02 0.6064S6E+00 0. 166558E+01 0 731864E+00 0. 12eQ79E+0i
0.100000E+03 0.606519E+00 0. 1676E+0I 0 731862E+00 0 12687E+0i
0.200000E+03 0.606537E+00 0. 166603E+01 0 73j9i0E+00 0 129000E+0i
0.300000E+03 0.606544E+00 0. 16&642E+01 0 73119E+00 0 12j00 4 E+01
0.400000E+03 0.606547E+00 0. 166617E+01 0 73192 4 E+00 0. IE0O6 E+0
O.S00000E+03 0.606S49E+00 0.166619E+01 0.731-27E00 0 12Q

0
07E+0t

0.750000E+03 0.606551E+00 0.166623E+01 0 731930E+00 0 iE008E+01
0.100000E+04 0.606552E+00 0. 166625E+01 0 731932E+00 0 12Q000F+01
0.200000E+04 0.606554E+00 0.166628E+01 0 319s5E+00 0 12q010E+01
0.300000E+04 0.606555E+00 0. 166628E+01 0 131936E+00 0 129011E+01
0.400000E+04 0.606555E+00 0. 166629E+01 0 731q36E+00 0 1290i1E+o0i

0.500OOE+04 0.606555E+00 0 166629E+01 0 731337E+00 0 12a011E+0
0.7500@@E+04 0.606556E+00 0 166630E+01 0 73127E+00 0 12QO1Ef01
0.100000E+05 0.606556E+00 0 166630E+01 0 731337E+00 0 i2q0liE+01

.1- %
* ..- *...*...t*.. . .~. . .~ X4 *" .' .



NSWC TR 86-324

TABLE 6-12. (CONT.)

p= 2.0

DELTAWPFERIOD SPECTRAL RADIUS SPECTRAL NORM
___________BY HUGHES BY HUGHES

0.00000@OE+00 0.10000@OE+01 0. 209988E+Mi
a. ssOOOOE-81 0.,937137E+00 0. i64724E+01

@+mmmmFP~mQ 0 R7mpQmr'4.Qm @.ii846@E+01

0. 200000E+Oe 0. 813427E+00 0. 101290E+0i
0. 300090E+e@ 0. 79987iE+O0 0. 107198SE+01
0. SOOOOSE+@0 0. 795OS9E+00 0. 114048E+@±
0. 75et00E+00 0. 794qSiE+S0 0. il7254E+9±
0.100009OE+01 0. 79546~4E+00 0. 11864qE+01
0. 1500@SE+01 0. 796344E+00 a. ±19e54E+01
0. 200090E+Gi 0. 7969iSE+00 0. 120373E+01
0. 300066E+01 0. 797S79E+00 0. 120833E+Si
@.4e0000E+@1 e.797941E+00 0. i2lG39E+@1
O.S@@Oe@E+ei 0.798±69E+00 0. i211S5E+01
0. 10090@E+02 0. 798&47E+eO 9. 121370E+01
0. 20000@E+02 0. 798899E+09 0. 1a1468E+l.
0. 38e96GE+e2 0.798983E+00 0. 12l499E+01
0. 4800*@E+02 0. 799026E+00 0. 1215lSE+@1
0. 50000@E+02 0. 799052E+00 0. 12IS24E+Oi
0. 7S000E+02 0. 799086E+00 0. 1~1536E+Oi
0. IOOOOOE+@3 0. 799104E+Se 0. 1~1542E+el
0.2~0090@E+03 0. 799i36E+ui 0. 1~i55iE+01
0.38000@UE+83 0. 7991 38E+00 0. 12154.E+S1
0. 400000E+63 0. 799143E+00 0.121I555E+01
0. S0U000E+G3 0. 79914SE+00 0. 12l556E+01
0. 7S8@@@E+@3 0. 799149E+00 0. ±2iSS7E+Oi
0. IOOOOSE+04 0. 7991S1E+00 0. 121SSBE+el
0.2969000E+04 0. 7991S3E+00 0. 1215S9E+Gi
0. 3e@600E+94 0. 799154E+00 0. 121559E+Si
0. 4006@@E+04 0. 799lS4E+00 0. 12±SS9E+0i
0. S@8@@eE+e4 0. 79915SE+00 0. 125ss9E+o1
0. 7569e6E+04 0. 799155E+00 0. 1215&OE+Si
0. ioeoSUE+Us 0. 7991S5E+00 0. 12iS&OE+@1
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TABLE 6-13. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = 0.0, -f = 1.3, 0 = 1.4, =0.1

p3= 0.7 p = 0.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
__________BY HUGHES BYi HUGHES BY HUGHES BY HUGHES

0.00000@E+00 0.100000E+01 . 0.16i848E+1 0.±000E+01 0.16l82iE+@i
0.580000E-ei e.941738E+00 0. 146578E+01 0. 94271@E+00 0. ±4S6O2E+0i

W.W~UU* e .a75533t-UU 0. 1ea7me1S 0. 885912E+00 0. i26S43E+0i
0.8000ES0 0. 834109E+00 0. ±i74a6E+Gi 0. B56659E+00 0. ii3B00E+0i

8. 3000@@E+00 O.827381E+00 0. 120187E+01 0.856572E+00 0. i±4766E+0i
0.500000E+00 0. sa625eE+00 0. i2S736E+Oi 0. 860335E+00 0. ±18438E+01
@.750008E+@@ 0.826914E+00 e.i289i9E+1. O.e63076E+00 0.i2@654E+Oi
0.le0@0Q'E+G1 0.827S@8E+00 0. 130423E+01 0.864574E+00 0. i2i70SE+0i
a.±BOOOSE+e1 0.828259E+00 0.131787E+Oi 0.86623E+00 O.i22656E+Oi
0. 2600@E+e1 0. 82869eE+00 0. ±32398E+Oi 0. 866910E+00 0. i23080E+0i
0. 300000E+01 0.829158E+00 0. 132953E+e± 0. 867702E+00 0. ±23464E+Oi
0. 4000@@E+ei 0. 82940SE+00 0. i33207E+Oi 0. 868099E+00 0. 123639E+Oi
0.50000@E+01 0.829557E+00 0. 1333SiE+Oi 0.868337E+00 0. i23738E+0i
0.109000OE+02 0.929871E+00 0. 133623E+Oi 0. 868814E+00 0. 123924E+Oi
0.20000@E+02 0.830033E+Oe 0. ±33749E+01 0.869052E+00 0. i24OiOE+Oi
0. 3000@ME+02 0. 830087E+00 0. 133789E+Oi 0. 86i32E+00 0. i24037E+Oi
0.40000@E+02 0.830115E+00 @.133809E+0i O.e6li72E+00 0.12405iE+O±
0.50000@E+02 0.83@i3iE+e@ 0.13382iE+Oi 0.861?195E+00 0.1240S9E+Oi
0.7SOOSME+02 0.830I53E+00 0.1±33837E+@i O.S617227E+00 0. 124e70E+0i
0.100008E+03 O.83O164E+e@ @.133845E+@i 0.86r9243E+00 0.124075E+01
0.200006E+03 0.830181E+00 0.133856E+Gi 0.869267E+00 0.1240B3E+0±
0. 30006E+e3 0. 836i86E+00 0. i3386eE+Oi 0.8B69275E+00 0. 1240B&E+0i
0.40000@E+03 0. 83Oi89E+00 0. 133862E+O± 0.86&9279E+00 0. 124087E+0i
0.S0@9@@E+e3 0.830i9lE+00 0.1±33863E+@i 0.869281E+00 0. i240B8E+Oi
0.750000E+03 0.830iq3E+Oe 0. 133e65E+Oi 0.869284E+00 0. 124099E+0i
0. i@000@E+04 0. 830194E+00 0. i33a66E+Oi 0.869~286E+00 0. IE40B9E+Oi
0.2000@@E+04 0. 830196E+00 0. 133867E+01 0. 69288E+00 0. 124090E+Oi
0. 3000@E+04 0. 930±96E+@0 0. 133867E+01 0. 8649289E+O0 0. 124090E+OiI
0.406e08E+e4 0. 830196E+00 0. 133868E+01 0. 8617290E+00 0. 124091E+Oi
0.509000OE+04 0. 830i97E+00 0. ±33868E+Oi 0.8679290E+00 0. 12409iE+Oi
a.750000E+04 @.830i97E+0G 0.1i33868E+@i 0.869290E+00 0. ±2409iE+0i
0. IOOOOOE+SS 0.830±97E+00 0. i33868E+Oi 0.86929@E+00 0. i24@9iE+0i
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TABLe6-13. (CONT.)

0=0.9 fl=O0.946915

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_________ Y HUGHES BYi HUGHES BY HUGHES BY HUGHES

U. UUUUUOE+UU 0. iOOOUSE+0i 0. 162030E+01 0. 10000@E+01 U. 16EE1iE+UI
0.S00E-0i UB.943&59E400 0. 144809E+u1 0.944097E+00 0.144.496E+01

e~ieeeE~e ~e?7eE~e Z i~~zZE+i i.B8iiE+Z0 i.ia443eEoi
U. EufUUE+hh U. 974924E+UU U. 1±0959E+Ui 0. 882172E+00 0. 109831E+01
U.30UUUUUE+00 0.8978964E+00 U. 110727E+01 0.8BB7747E+00 U. 1U9179E+UI
0.50000@UE+00 U. SSSS39E+hU 0. 1 13273E+Oi 0.8SBSE+00 U. 1±±375E+UI
U. 7SUUUUE+UU U. 889369E+UU U. 114937E+gl 0. 899347E+00 U. 112877E+I.
0.19000@UE+01 0.8991324E+00 U. ±15734E+0i U.98143UE+UU U. ±i36UIE+UI
0.15009@UE+91 U.B93E66E+00 U. ±164S6E+0j 0.90347SE+00 U. ±14.S7E+UI
C eUUUUOE+U1 0. 894223E+00 0. 116778E+o1 U. 9U4480E+UU U. 114549E+UI
U. 300001E+Ui U. S9SI6BE+UU U. i17U&SE+oj 0. YUS463E+UU U. ±±4913E+i.
0.4908009E+01 U. 895&34E+0U 0.l1726iE+ej 0. 90947E+00 U. 114933E+UI
0.500000UE+01. U.99s912E+00 U. i±727SE+6± 0.906235E+00 U. IISUUIE+UI
U. 1.SUUUE+UE 0.896463E+00 U. 11741.SE+ej 0. 906804E+00 U. 115127E+UI
U.20000@UE+02 0. 896736E+00 0. 1i7479E+oi 0. 9U7UBSE+0U O. ii51B&E+U±
U. 300069E+02 U.e9B2&E+UU U. I17SUUE+e± 0. 907178E+00 U. I1SEU4E+UI
0.400@@UE+02 0.896871E+00 U. 1±7SiUE+U1 U. 9U722SE+UU U. ±i5213E+UI I

0.5u0000E+02 0.896898E+00 U.11751&E+g± U.9072S3E+0U U.i15219E+UI
0.75000@E+02 U 896935E+00 U. 1±7S24E~oi 0.907290E+00 S. ±iSSE6E+U±
U. iUUBUUE+U3 U.899S93E+UU U. 117S2BEto± 0. 907308E+00 U.ii±SE3UE+UI
0.29000@E+03 0.89698@E+00 8.li±7S34E+ej 0. 907336E+00 U. 115835E+UI
U. 30000E+03 U.S9999E+UU U. 11753&E+e± 0.,907345SE+00 U. 115237E+Ui
U.49000@1E+03 0. 896993E+00 0. I±7537E+ol 0. 907350E+00 U. 115238E+UI
0.5000@@E+03 U.896996E+00 U. 117S38EtU1 0.9U7353E+UU 0. 115238E+91
0.75000@E+03 0.896999E+00 U.ii±7539E+ej O.9U7357E+00 O. 11S239E4U1
U.100088UE+04 U. B9700IE+UU U. 117S3YEtU1 0.907358E+00 U. IiSS4UE+Ui
0. 20000@E+U4 0.8S97004E+00 U.ii7S4UE4U1 U. 9U73&IE+UU U. IISE4UE+U1
0. 30000@E+04 U.8B97005E+00 U. ±17S4UE+ei 0. 907362E+00 U.1152E4@E+01
U. 400000E+04 U. B9700SE+UU U. 1±754UE+eI U. 907363E+00 0. iiSB4UE+U±
U.500000UE+04 U. 99700&E+UU U. 1754UE+e± 0. 907363E+00 U. iISE4UEtU1
U. 7SUUUUE+U4 0.89V7006E+00 8.l1±7S40E+ej 0. 907363E+00 U.iiSB4UE+i.
U. IUUUUUE+US U. 99700&E+UU U.ii±7S4UE+o 0. 907363E+00 U.11±SE4UE+UI
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TABLE 6-14. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = 0.0. y=1.9, 0 = 1.4, =0.1

(t3=1.18 0=1.2

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_________BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.SUSOE+0 .iOOGSE+Si 0. ±6900±E+01 0.1i00000E+01 0. i6935&E+01
0.SSSOSSE-0i 0.922943E+00 0.±433±2E+-Oi 0.923148E+00 0.i43342E+01
0.10000@E+00 0.842503E+00 0. i1987&E+0i 0. 843917E+00 0. ii9723E+0±
0.20000@E+00 0D.808S39E+00 0. i0&871E+Oi 0.8ii6l6E+00 0. i06S27E+0i
0. 3000@E+00 0. 807411E+00 0. i07270E+0± 0. SiO9BbE+00 0. iObBEEE+Oi
0. SSOOSWE+S0 0.808S878E+00 0. i09937E+01 0.81±2800E+00 0. 109409E+0i
0.750000E+00 0.80998@E+00 0. 1ii578E+0i 0. 814055E+00 0. iii~iOE+0i
0.10000E+Ui 0.SiOSSYE+00 0.1±23&3E40bi 0.8i4705E+00 0.i1177&E+@i
0.ISUOSBE+S1 0.811136E+00 0.1i3O8aE+0i 0.8i5348E+00 0.112476E+0i
e.aeeuheE+ei 0.8114i9E+00 O.ii3407E+Oi 0.815663E+00 0.1i2792E+01
0.30000@E+01 0.811698E+00 0.±±A7OSE+0i 0.BiS972E+00 0.1i3082E+0i
0.4000@E+01 0.811835E+00 @.113843E+@i 0.Bi6lr!3E+00 0.il3Bi&E+0i
0.50000@E+01 O.S11916E+0O @.113922E+0i 0.e162i3E+0@ 0D.ii3292E+0i
0.10009@E+02 0.812876E+00 @.1i407iE+0i 0.8ie3ViE+00 0.i13436E+01
0.200000E+02 0.812156E+00 0. 114±40E+01 @.816478E+00 0. 113504E+01
0.300900E+02 0.812182E+00 0.114i&3E+@1 0.S16507E+00 0.i±3s5E6E+0i
0.40000@E+02 0.8i2195E+00 0.114174E+01 0.8ib5aaE+00 0.iiBS37E+01
0.50000@E+02 0.812203E+00 0.±i4l~lE+0i 0.e±6S30E+00 0.ii3S43E+01
0.75000@E+02 0.812213E+00 0.1±4190E+0i 0.816542E+00 0.ii3SSBE+0i
0. 100000E+03 0.S±2219E+00 0.1i14194E+0i 0. Bi6548E+00 0. ii3S5bE+01
0.20000@E+03 0.siaaa&E+00 0.±i4SOOE40i 0.816S56E+00 0.1135&2E+@i
0.30030E+63 0.812229E+00 0.±14203E+0i 0.Bi6SS9E+00 0.1135&4E+0i
0.400060E+03 e.8±aa3oE+00 0.ll4ae4E+0t 0.8i6S&IE+00 0.ii3S6SE+0i
0.500069E+03 0.212231E+00 0.i±42@4E+0i 0.816562E+00 0.113566E+Oi
0.7500@@E+93 @.82232E+00 0.±14205E+SDi 0.816563E+00 0.ii3Sb7E+0i
0.±00O0@E+04 8.812233E+00 @.1142@6E+0i 0.BI&S63E+00 0.1135&7E+0±
0.20009@E+04 O.812a34E+00 0.114206E+0i @.816S64E+00 0.113S68E+01
0.3000@@E+04 0.812234E+00 0.1±4a07E+0i 0D.816564E+00 0.IISSSBE+01
0.40000@E+04 0.812234E+00 a. 114807E+0i 0.eBi656SE+00 0. ii3SbBE+0i
0.5000@@E+04 0.812234E+00 0.±14207E+01 0.816565E+00 0.l13S68E+0i
0.75800E+04 0.812234E+00 6.i142U7E+0i 0.816565E+00 0.113568E+01
0. iOOISSE+0S 0.812234E+00 0.ii4807E+01 a Bi6S6SE+00 0.11356SE+01
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TABLE 6-14. (CONT.)

= 1.5 =2.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.00009E+09 0. I@@6@E+01 U.175626E+Oi 0.1O0000E+0i 0.189911E+01
0.596089E-91 0.926126E+ @ 0.144305E+01 0.930699E+00 0.147698E+0i
S. IUUOSE+e 0.862737E+00 0.117922E+01 0. 886439E+00 0. l16331E+Oi
0.29000@E+66 0.848847E+00 9. 02683E+01 0 .87743E+00 0.100033E+0i
0.3000OE+60 @.9S3012E+00 0.102389E+01 0. 894SS3E+00 0.103669E+01
8.500088E+00 0. BS7918E+00 .104&69E+Mi 0.900739E+00 0.108291E+01
0.75000@E+0 0. 860476E+00 S.106378E+Oi 0.903741E+00 J. 11249E+01
S. IUSSSSE+UI 0.861718E+00 0.107077E+01 0.905169E+00 0. 111077E+01
0.1SS**E+61 0.862912E+00 0.107699E+Si 0.906532E+00 0.111787E+01
0.29699@E+01 .863488E+00 0. 107975E+01 0.907186E+00 0.112094E+01
S.3SSSSSE+I 0. 864046E+00 9.108223E+01 0.907819E+00 0.112367E+01
0.409000E+01 0.864319E+00 S.i08336E+01 0.90S12RE+00 0.112499E+i
0.509000E+01 0. 86448E+00 S. 10B40@E+01 0.908315E+00 0.1i256@E+01
9.1000E+62 . 864797E+0S 0.108519E+01 0.908669E+00 0.11269eE+0i
0.29699@E+02 0.8649S3E+00 0.108575E+01 0.908846E+00 0 1127SIE+01
0.30000E+82 S.8650@SE+00 0.108593E+01 0.908904E+00 0 i1277@E+01
0.40000@E+92 0.86553@E+00 0.108602E+01 0.908933E+00 0 112780E+01
6.500099E+02 0.865046E+00 0.108607E+O1 0 908951E+00 0.112785E+01
0.750000E+02 0.865966E+00 0.I6B614E+01 0 908974E+00 0 112793E+01
9.10009@E+63 0. 865076E+00 0.108617E+01 0,908986E+00 0 112797E+01
0.200@@OE+03 0.865092E+90 0.109622E+01 0.909003E+00 0 112802E+01
0.30096E+03 0.865097E+00 S.1eS624E+01 0.909a09E+00 0 il28S4E+oi
0.4006SSE+3 6.865099E+00 %.itbaSE+01 0,9@9012E+00 0 11280SE+01
9.S@GSSSE+G3 e.86SISIE+SS e.1e962SE+@1 0,909013E+00 0 i1286SE+01
0.7S@00SE+3 0.86SiS3E+9S 0.108626E+01 0 959016E+00 0 112806E+01
9.10OSSSE+S4 0.865104E+SS 0.108626E+01 0.9@9@17E+0@ 0 112807E+01
0.20999*E+S4 0.86S0S6E+S 0. 108627E+S1 0.909019E+00 0 1i2i 7E+01
0.3SSSSSE+04 0.865e16E+09 0.198627E+01 S 909019E+0S 0 112807E+ 0
0.400000E+64 0.865106E+00 9.108627E+01 0 959519E+@@ S 112807E+01
S.SuOOE+94 0.865106E+0S 0 .18627E+01 0 9S9@20E+00 0 1128e7E+01

e.7S500E+S4 9.865107E+00 9.108627E+01 0 90902E+00 0 112858E+01
S. S@IOe9E+@S 0.865107E+00 0.108627E+01 0.,9902E+o0 0 112S08E+01
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TABLE 6-14. (CONT.)

9= 2.14991

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
___________BY HUGHES BY HUGHES

0.00000@E+u0 0. LOBUSUE+@i 0. 19S085E+e±
0. 5SSUO0E-81 0. 931992E+eo 0. 149079E+01
0. 100090E+00 0.8B92172E+00 @.1168085E+@i
0.2800069E+00 0. B9607E+00 0. 100499E+01
0. 30000@E+06 0. 90313SE+00 0. 105923E+01
0. 500000E+eo 0. 909364E+00 0. 11072iE+01
0.7500@@E+00 0.912358E+00 0.112685BE+01
0.IOOOUOE+6± 0.913778E+00 0.113511E+01
0. i50t6QE+6i 0. 91Si33E+00 0. ii42i8E+0.
0.2080@@OE+01 0. 915782E+00 0. 114524E+01
0. 30000@E+91 0. 91641iE+00 0. 114797E+01
0. 40000E+f1 0. 916718E+00 0. il492@E+01
0.5900806E+81 0. 916899E+00 O. ii4991E+01
0. 10000@E+02 0. 917256E+00 0. 115121E+01
0.2109@GE+02 0.917432E+00 0. 115182E+01
0. 3000E+02 0. 91749@E+00 0. ±15802E+Mi
0. 40090@E+92 0. 917519E+00 0. 115211E+01
0.500000SE+82 0. 917536E+00 0. 115217E+u1
0. 7500SE+62 (5. 917S9E+00 0. 115225E+Gi
0.10ISSE+93 8. 917571E+00 U. i15228E+U1
0. 2009@E+03 0. 917SSSE+00 @. IIS234E+Si
0. 3006@E+03 0. 917594E+00 @. 115236E+Ui
0.4060@6E+03 U. 917S97E+UU 0. 115237E+01
9.59000@SE+03 0. 917598E+00 0. 115238E+01
* TS@SOE+63 0.9176@lE+00 S.11S238E+01
9. 1009E+04 0.917602E+00 0. 115239E+01
0.29009@E+04 0. 917604E+00 0. 115239E+Gi
9. 3900@@E+04 0. 91760.4E+00 0. 115239E+01
0. 46000E+04 U. 9176@SE+Oe 0. 1±5239E+01
0.5000@@E+04 0.9176@SE+00 0.115246E+61
0. 75506E+S4 U. 917d6U5E+00 0.11i5240E+01
0.109099OE+05 0. 9176U5E+00 O. 1iS24@E+0i
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TABLE 6-15. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = -0.10, y= 1.6, 0 = 1.4, = 0.10

p= 0.576 /3=0.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.000000E+00 0.100080E+01 0.161803E+@i 0.i00000E+01 0.62393E+01
0.50eSeE-01 0.934064E+00 0.146917E+01 0.936i50E+00 0 14SiilE+01
6.100000E+00 0.845997E+00 0.129734E+01 0.86350iE+00 0.i25594E+01
e.200000E+Og 0.753720E+00 0.126241E+01 0.813459E+00 0. l50S2E+01
S. 309000E+00 0.722226E+00 0. 137253E+01 0.805193E+00 0. ii8807E+01
0.500006E+99 0.697854E+00 0.152789E+01 0.802195E+00 025560E+0i
0.75e99@E+00 0.686215E+00 0.161750E+01 0.801608E+00 0.i29438E+01
0.100000E+01 0.680683E+00 0.166159E+Oi 0.801491E+00 0. 131300E+01
0.15000E+Gi 0.675441E+00 0.170333E+01 0.801477E+00 0.i33022E+0±
02S090E+01 0.672958E+00 0.172285E+0j 0.80150E+00 0 ±33811E+01
0.300066E+01 0.670584E+00 0.±7412@E+0i 0.801557E+00 •.134540E+01
0.400000E+21 0.669442E+00 G.174989E+01 0.80i59iE+00 0. 134e80E+01
@.Se@fhSE+1 0.668773E+00 0.175493E+01 0.80161SE+00 •.13S076E+01
S.1600SSE+2 0.667471E+00 0. 17646iE+0l 0.80167E+00 0. 35447E+@i
0.206000E+02 0.66839E+00 0.176923E+O± 0. 80697E+00 0 i3S623E+0i
0.30000@E+02 0.666631E+00 0.177074E+Oi 0. 80707E+00 0 i35680E+Oi
0.40e569E+2 0.666S28E+00 0.177149E+O1 0.8017i2E+00 0 .35708E+01
e.5000*OE+02 0.666466E+00 0. i77i93E+01 0.801716E+00 . i35725E+0i
@.755e6@E+@2 0.666384E+00 0.177253E+01 0.801720E+00 . i35747E+Oi
0.1000E+03 0.666343E+00 0.177Z82E+01 0.801722E+00 •.i357S8E+0±
0.29OERCE+03 0.666282E+00 0.177326E+01 0.80172SE+00 0. i35775E+01
0.30066E+03 0.666261E+00 0.177341E+01 0.801726E+00 0 i3S781E+01
S.40e@SSE+3 0.666251E+00 0. 177348E+Oi 0.801727E+00 0. 35783E+@i
0.SUUSSSE+93 0.666245E+00 0.177353E+01 0.801727E+00 0. 135785E+01
0.7500*GE+03 0.666237E+00 0. 177359E+0i 0.801728E+00 0 i35787E+Oi
9.10000@E+94 0.666233E+00 0.177362E+01 0.801728E+00 0.i35788E+01
0.200SSSE+04 0.666227E+00 0.177366E+Oi 0.801728E+00 0 135790E+0i
S.3000@E+04 0.666225E+00 0.177368E+0i 0.81728E+00 0 i3S790E+01
0.40009@E+04 0.666224E+00 0.177368E+01 0.801728E+00 0. 35791E+01
0.500@@E+04 S.666223E+00 0.177369E+0i 0.801728E+00 0.i3S791E+01
0.7SSSSSE+4 0.666222E+00 S.177369E+01 0.8@1728E+00 0. 135791E+01
0.10000E+0S5 0.666222E+00 0.17737@E+01 V 801728E+00 0 i35791E+01
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TABLE 6-15. (CONT.)

= 1.0 =1.1

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_BY HUGHES BY HUGHES - BY HUGHES BY HUGHES

0.000000E+S0 0.10000E+0± 0.i63901E+0i 0.i@O0OE+01 0.164998E+0i
0.SO0GOE-01 0.937924E+00 0.144269E+01 0.938781E+00 0.144SSE+01
0.100068E+00 0.876471E+00 0.123004E+Oi 0.8a2190E+00 0.12l983E+0i
0.200000E+00 0.848iB3E+00 0.109203E+Oi 0.861562E+00 0.±07i07E+O1
0.300000E+00 0.84362±E+00 0.1±0229E+01 0.864499E+00 0.107411E+0
0.50006@E+00 0.85215iE+00 0.i±i48E+01 0.869672E+00 0.110707E+01
0.7SOOE+00 O.8S4498E+00 9.1tbS03E+0i 0.872694E+00 9.112737E+01
0.100000E+01 0.85S729E+00 0.i±7625E+0i 0.874221E+00 0.113701E+01
9.iS9990E+01 0.85696SE+00 0.li86SiE+0± 0.875727E+00 0.1±4578E+01
0.a0090E+91 0.8S7579E+00 Q.191iSE+1 0.876464E+00 Z.114972E+0i
0.300000E+01 0.858186E+00 0.119539E+0± 0.87718SE+00 @.115331E+0i
0. 400000E+01 0. 858487E+00 0.19735E+01 0.877544E+00 0.1i5496E+9i
0.500006E+01 0.858666E+00 0.i±9847E+0i 0.877756E+00 9.i±5590E+0
. 100000E+02 0.859022E+00 0.120058E+01 0.878174E+00 0.i15767E+Ui
0.200000E+02 0.85919 E+00 0.120i57E+0i 0.878381E+00 0.iiS849E+hi
0. 30006E+02 0. 859257E+00 0.120189E+01 0.878450E+00 9.11S876E+0i
0. 000E+02 0 S9286E+00 0.120204E+01 0.878484E+00 0.i158S9E+0±
•.50000E+02 0.B59304E+00 0.i2O 14E+01 0.878504E+00 0.i1S897E+01
0.7500@@E+02 0.859327E+00 0.120226E+01 0.878532E+00 9.5iiS97E+01
0. i000 E+93 0.859339E+00 9.1202f3E+91 O.87S54SE+O 0.i5913E+01
0.200000E+03 0.859356E+00 0.120242E+01 0.878566E+00 0.11592@E+0±
0. 300000E+03 0.959362E+00 0.120245E+01 0.878572E+00 0.115923E+01
0.40009OE+03 0.85936SE+00 0.iPO246E+01 0.878576E+00 .0115924E+9t
S.SSSSSSE+93 0.8S9367E+00 0.120247E+9± 0.878578E+00 0.1±1595E+01
0.75000@E+03 0.859369E+00 0.120249E+0± 0.878SBIE+00 0.115926E+01
0. 10000E+04 .8S9370E+00 9.120249E+01 .878582E+00 0.115927E+01
0. 2000E+04 0. 859372E+00 0.12025E+01 0 878584E+00 9,1i597E+9±
0. 3000@E+04 0.859373E+00 0.20a2SOE+9i 0.878585E+00 9.II598E+S1
0.4000@@E+04 0.859373E+00 9.i20251E+01 0.878s5E+00 0.±i5928E+0i
0.50000@E404 9.859373E+00 e.1202SiE+0i 0.878585E+00 .115928E+01
0.75900@E+04 0.859373E+00 0.12025E+01 0.87858&E+00 0. 15928E+9±
0.i00S0SE+95 0.859373E+00 0.12025iE+91 9.878S86E+00 0.1i59a8E+fl
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TABLE 6-15. (CONT.)

= 1.2 = 1.2213

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.000066E+00 0.±00000E+0i 0.t66321E+01 0.100006E+0 0.166632E+0i
0.500000E-01 0.939618E+00 0. 44046E+0i 0.939794E+00 0.144056E+01
0.1000OOE+S0 0.B87471E+00 0 12i±0SE+0± 0.888S44E+00 0,120934E+01
0.20000@E+00 0.873025E+00 0.105389E+01 0.8752S7E+00 0.i0S063E+01
0.300009E+00 0.877742E+00 0. i05265E+01 0.88028IE+00 0.i04S82E+01
0.SOOOOOE+00 0.883984E+00 0. 08294E+0i 0.886698E400 0.i0789SE+0i
0.750000E+00 0.887417E+00 0.1t0174E+0i 0.890195E+00 0.i09762E+01
0.100001E+01 0.889120E+00 0.111061E+01 0.891924E+00 0.ii0640E+0i
0.150000E+01 0.890782E+00 0.ii862E+0i 0.893609E+00 0.ii1432E+0i

0.20000@E+01 0.891590E+00 0.1i2220E+01 0.894428E+00 0.11i78SE+01
0.300000E+0i 0.89238@E+00 0.11S245E+01 0.89S227E+00 0.i12106E+0i

0.400000E+01 0.892768E+00 0.ii2693E+01 0.895619E+00 0.i12252E+0J

Q.S%%%%QE 01 0.SqaqlE400 .. ta77%E %1 0.895BS2E+00 0.ii2336E+0i
0.10000E+02 0.893451E+00 0.112937E+01 0.896310E+00 0.ii492E+01

0.200000E+02 0.893675E+00 0.113011E+01 0.896536E+00 0.ii256SE+0i

0.300080E+02 0.893749E+00 0.1±3035E+0i 0.8966i1E+00 0.1i25S88E+0i
0.40000@E+02 0.893786E+00 0.113046E+Oi 0.896649E+00 0.i12600E+01
0.500000E+02 0.893808E+00 0.1130S3E+01 0.89671E+00 0.112607E+0i

0.7SOOOOE+02 0.893837E+00 0.113063E+0± 0.89670iE+00 0.1126i6E+01
0.100000E+03 0.893852E+00 0.113067E+0i 0.896716E+00 0.ii2621E+01

0.20000E+03 0.893874E+00 0.1i3074E+0i 0 896738E+00 0.ii2627E+0i

0.300000E+03 O.89388iE+00 0.113076E+0± 0.896745E+00 0.1i2630E+0i

0.4000@0E+03 0.893885E+00 0.113078E+%i 0.896749E+00 0.112631E+0

0.SOOOOOE+03 0.893887E+00 0.113078E+01 0.8967SiE+00 0.112631E+01

0.750000E+03 0.893890E+00 0.113079E+0i 0.896754E+00 0.li2632E+0i
0.190000E+04 0.893892E+00 0.11308@E+01 0.896756E400 0.112633E+01

0.200000E+04 0.893894E+00 0.i1308E+01 0.8967S8E+00 0.ii633E+0i

0.3000@0E+04 0.893895E+00 0.113080E+01 0.896759E+00 0.112634E+0i
0.400000E+04 0.893895E+00 0.11308iE+01 0.896759E+00 0.ii2634E+01
0.500000E+04 0.893895E+00 0.11308E+01 0.896759E+00 0.1i1634E+01

0.750000E+04 0.893896E+00 0.113@BlE+@i 0.896760E+00 0.ii2634E+01
0.1000@@E+05 0.893896E+00 0.113081E+0i 0.896760E+00 0.i12634E+0i

6I--
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NSWC TR 86-324

TABLE 6-16. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a = -0.10, y/= 2.0, (1 = 1.4, =0.10

=0.784 =0.8

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
________B Y HUGHES BY HUGHES BY HUGHES BY HUYGHES

0.00000@E+00 0. iOOOOOE+0i 0. i64343E+Oi 0. 100000E+01 0. ie45iE+Oi
OSOSOOBSE-Si 0.9BOOZE+00 0.1±44330E+0i 0. 920i6SE+00 0.1i44284E+@i
0.10000@E+00 0.812453E+00 0.124624E+01 0.813856E+00 0.i243S1E+0i
0.200060E400 0.732656E+00 0. ii92i9E+0i 0. 736719?E+00 0. iiB4B±E+o±
0. 300000E+00 0.7±3878E+00 0.±2663iE+01 0.719207E+00 0.ia5447E+0±
0.S0000@E+00 0.700330E+00 0. ±37019E+01 0.706854E+00 0. i3S317E+01
0,750000E+00 0.6VJSOOE+00 O.i42933E+01 0.700965E+00 0.i40932E+0±
0. IOOOSSE+S1 0.6&90602E+00 0. i45841E+0i 0. 698090E+00 0. i43687E+0i
O.ISSOSSE+S± 0.687466E+00 0.148607E+01 0.695275E+00 @.146305E+0i
0.20010E+01 0.68S930E+00 0. ±499±±E+0± 0.693896E+00 0. i47S36E+Oi
0.300000Et0i 0.684418E+00 0.iS±±47E+0. 0.692539E+00 0.i4B703E+0i
0.4000E+01 0.63673E+00 0. iS1737E+0± 0.6&91B70E+00 0. i49259E+Oi
0.S0009'SE+S1 0.&s3Z29E+00 0.1.SZOS±E+fi 0.691473E+00 0.1495B2E+Oi
0.iOSSOUE+S2 0.6sa3SiE+00 0.i5274SE+1. 0.690685E+00 0.isoSeE+01
0.aouS*SE+S2 0.681917E+00 0. 153065E+Oi 0. 690295E+00 0. i5SO09E+Oi
0. 3000E+02 0.681773E+00 0. iS~i7OE+Oi 0. 690i66E+00 0. i50607E+0i
0.400066E+02 0.681701E+00 0.±S3RBEE+0± 0.69010±E+00 0.±S0&S6E+Oi
0.SIOSSSE+02 0.6B16SSE+O0 0.15S32S3E+0i 0.690062E+00 0.iSO6SSE+0i
0.750991E+S2 0.6SI6OIE+00 0. 15329?4E+Oi 0. 6900±±E+00 0. iS0724E+Oi
0.100060SE+03 0.68iS72E+00 0. 15331SE+Oi 0.6bB9B8SE+00 0. ±50744E+Oi
0.2UISUSE+03 O.68iS89E+00 0. 153345E+Oi 0. 689947E+00 0. 150773E+0i
0.300066E+03 0.6SiSISE+00 0. 153356E+0i 0.689934E+00 @.150782E+@i
0.40000@E+03 0.6S±SOSE+00 0.153361E+Oi 0.689927E+00 0. i507B7E+Oi
0.SOOSSS)E+03 0.eSiSS4E+00 0. i533&4E+Oi 0.68B9924E+00 0. iSO790E+0i
0.7SOSSSE+13 0.681498E+00 0. 153368E+Oi 0. 689918E+00 0. 150794E+Oi
0.1000@@E+04 0.681495E+00 0.153370E+Oi 0.68'9916E+00 0.i5079&E+Oi
0.2000@@E+04 0.69149±E+00 0.153373E+0i 0.689912E+00 0.150799E+Oi
0. 3000@0E+14 0.6Bi4S9E+00 0.153374E+Oi 0.6B99iiE+00 0 iSO0O0E+0i
0.4000E+04 0.681489E+00 0.15337SE+Oi 0.689910E+00 0.iSOBOOE+Oi
0.5000@@E+04 0.681488E+00 O.15-3375E+0i 0.689910E+00 0. iSOBOOE+0i
0.7500@E+04 0.681488E+00 0.±53375E+0i 0.689909E+00 0. iSOB0iE+0i
0.I0000@E+05 0.681487E+00 0.153376E+0i 0.689909E+00 0. iSOS0iE+0i



NSWC TR 86-324

TABLE 6-16. (CONT.)

=1.0 =1.5

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_______BY i HUGHES BY HUGHES BY HUGHES BY HUGHES

0.OOUE+0 0.100060E+01 0.167iSiE+01 O.iOOOOE+Oi 0.177156E+01
O.S98UUSE-91 0.1?22i61E+00 0. 14404SE+01 0. 926ee2E+00 0. 1456SSE+01

0.006E+0 0.829905E+0e @.121895E+ei 0,860632E+00 0.il8470E+0I
0.2006E+90 0.77e933E+00 0 iil35iE+0i 0.843035E+00 0.102748E+01
0. 30000E+09 0. 772420E+00 0. 1i4474E+01 0. 846SO7E+00 0. 103i96E+01
0. SOOSOOE+U0 0. 769728E+00 0. 12O096E+0i 0. 8Siee@E+00 0. 106503E+Mi
0.7esseOE+00 0.768798E+00 O.i2332@E+Oi O.SS3511E+00 0. £084a8E+0i
0. iuoeSSE+oi 0.768B377E+00 0. i24876E+0i 0+ 854691E+00 0. i092e7E+01
0.iSO606E+0i 0.767967E+00 O.126328E+Oi 0.855822E+00 0li0075E+@i
0.20000@E+01 0.767764E+00 O.i26999E+Oi 0.856364E+00 0.ii0425E+01
0.300009E+01 0.76756iE+00 @.i27625E+0i 0.656888E+00 0A10O743E+01
0.40000@E+01 0. 767459E+00 @.127920E+@i 0,657143E+00 0. i0888E+@1
e.5@esesE+ai 0.767397E+O0 0. i2809eE+01 0. 857294E+00 0.1t0971E+01
0. iOOOOSE+@2 0. 767274E+00 0. i2B4i6E+Oi 0. 857589E+00 0.llii126E+8i
0 20e@6eE+Q2 0.767212E+00 O.i~eS72E+Oi 0.857734E+00 0.iiii98E+Zi
0.30000@E+02 0.767192E+e@ 0.128623E+Oi 0.857782E+00 @.11122iE+0i
@.46eQ6@E+@2 0.76718iE+00 0. ±28648E+@i 0. 857e06E+00 0. iii233E+01
0.5000@@E+02 0.767175E+00 0.i28663E+0i 0.85782@E+00 0.ili24@E+01
@.75@e@8E+02 0.767167E+Oe 0. i28683E+0i o. e57B39E+00 0. i~ii49E+01
0. ie0e00E+03 0.767163E+00 0. ia8692E-0i 0. 857848E+00 0. ilii3E+0i
0, 21111110E+03 0,7671S7E+Oe 0. i2B707E+ei 0. B57863E+Oe 0. ii260E+0i
0.38eG@@E+03 0.7671SSE+00 @.128712E+0t 0.e57e67E+@0 @.iii262E+0i
0.40006E+03 0.7671S.4E+00 0. i287i5,E*0i O.SS7e7OE+ee 0. iii263E+Oi
0.500006E+03 Z.767153E+0e 0.i2871&E+0i 0. 857e7iE+00 O.iii264E+01
0.750e@9E+@3 0.767152E+00 0.t28718E+0i 0.857873E+O0 e. iii265E+Oi
0.10000@E+04 0.767152E+00 0.128719E+O1 a.e57874E+00 0. ii26SE+Oi
0.20000@E+04 0.76715iE+Oe 0. 12B721E+Oi 0.e5787SE+0@ 0. iii266E+Gi
0 3@0800E+04 0.7671SiE+00 O.i2B72iE+Oi 0.e57876E+@(b 0. ii266E+@i
0.400000E+04 0.76~7i1E+00 0.i28721E+Oi 0.857876E+00 O.iII266E+01
0.50000@E+04 0.767i~iE+00 0.i2872iE+0i O.BS7876E+00 0.1ii26E+01
@.750@@@E+@4 0.76715lE+00 0.12B722E+0i 0.857876E+00 0. 111266E+Oi
0.10000@E+05 0.7671SiE+00 O.i2e722E+Oi 0.857877E+00 0. 111267E+01
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TABLE 6-16. (CONT.)

(2.0 [1=2.1104

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES B'f HUGHES 2~ HUGHES

0.000000E+00 0.1000002+01 0. t1917S8E+01 0. 1000002+01 0 1iS682S+01
0.5000002-01 0.930991E+00 0. 14q6O6E+01 0. 93-18612+00 0 150732E+01
0.10000@E+00 0.882421E+00 0. 117iO4E+Oi 0.666394E+00 0 l1697l2+O1
0.200000E+00 0.879012E+00 0.1i0ri.17E+0lI 0.864915E+00 0 l00IIIEt01
0.30000E+00 0.684946E+00 0.10O34182+01 0 691053E+00 0 104655E+01
0.500000E+00 0.890742E+00 0.i1083222+01 0.896892E+00 0 10q7E2E+01
0.7500002+00 0 8936262+00 0. 110487-901 0 899Y778E+00 0 i13SE+01
0.1000@@E+01 0.895009E+00 0. 111413E+01 0 901161E+00 0 112860E+01
0.150600E+01 0. 8963352+00 0.1i122122+01 0 502436E+00 0 1136&5tE+01
0.200000E+01 0.896972E+00 0.11i2S592+0i 0 903 123 E+00 0 !14001E+01
* 3000002+01 0,897590E+00 o.11i28682+01 0 9037412+00 0 1143092E+01
0,40000@E+01 0.69789i2+00 0. 130082+0± 0 q040432+00 0 l1444qE+01
0.500000E+01 0.898070E+00 o.11i308+0i 0 904222E+00 0 1i45282t0i
0.10000@E+02 0.898421E+00 0.11l32362+01 0 9?04E.73E+00 0 1146762+01
0+2000@@E+02 0.898593E+00 0.113-'304E+01 0 rf04746E+00 0 114745E+01
0.30000E+02 0.898650E+00 0.11l3326E+01 0 9 048042+00 0 114767E+01
0.400000E+02 0.898679E+00 0.1133372+01 0.904832E+00 0 114777E+01
0.50000E+02 0.8986962+00 0. i133442+Oi 0,9048492*00 0 1147842+01
0. 75~000+02 e.8987192+00Z 0. ±133522E+0± 0-9048722+00b 0 1147522+01
0.1000002+03 0.89873@E+00 0.1133572+01 0.9048832+00 0 114797E+01
0.200000E+03 0.8987472+00 0. i133632+01 0.9049012+00 0 114803E+01
0.300000E+03 0.898753E+00 0.11i33652+01 0.904906E+00 0 11480S2+0i
0.400000E+03 0.898755E+00 0.113366E+01 0.904909E+00 0 11486E-s-01
0.50000+03 0.8987572+00 0.1i133672+01 0.904911E+00 0 1148,07E+01
0,7500002+03 0.898759E+00 0. 1133682+01 0.904913E+00 0 114806E+01
0.100000E+04 0.8987612+00 0.1133682+01 0 9i049±42+00 0 1148082+0:
0.200000E+04 0.898762E+00 0.1i133692+01 0.9049*162+00 0 114E&02.0x
0.30000@E+04 0.898763E+00 0b.1133692+01 0.904916E+00 0 ii460 E+Oi
0.40000E+04 0.898763E+00 0.11i33692+01 0.904917E+00 0 ii480QE.0:
0.50000@E+04 0.89867432+00 0.1133692+01 0b.904q17E+00 0 114609E+0:
0.7500002+04 a.898e7632*00 0.11i33692+01 0.904917E+00 0 ii.802.0:l
0.1000002+05 0. 898764E+00 0. 1133692+01 0. 90491i72+00 0 11480%.0 :
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TABLE 6-17. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a - -0.2. -y 1.3. 6 - 1.1, =0.1

P3 - 3.46667 P3 = 4.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
_______B_ Y HUGHES. BY HUGHES BY HUGHES B" HUGHES

* oo@e*E+" I IstO@SE+o1 0 340061E+61 @.i@0IUOE+01 0. 347377E+01

* 50S0SE-01 S 9S6794E+O6 U 22S646E+01 S 958327E+00 0.248843E+ti
a 196109E+0 6 926631E+O6 I 146469E+61 0 q32294E+00 S isse72E+01
* 200*Ef, 6 908462E+00O IL17463E+01 S 9i8627E+00 S i22339E+@i
* 30000E+ff 0 9IS I9IEtIS 0 12145 IE+fI 0 9t68@@E+@@ 0. 125 32@E+01
a 5@e0E*OI 0 964938E+fO I 12680@E+II S I91723SE+0S S. i29q71E+Si
* 7S0099E+00 S 9GS7S9E+O6 I 129422E+01 0 91819SE+SS S. 1323@2E+@1

* 1IoSEo+o1 0 906425V+00 6 130596E+I1 S 918871E+00 S. 133354E+ti
a 15"OOE+o1 S 997a63E+ff I 131636E+G1 0.9978E+e0 0.t34290E+ei

* 200066E+01 S 907747E+00 I 132I98E+Gi 0 920130E+Se 0.134707E+01
* 30000f@f 6 9*S274E4-IS 0 132516E+01 S 92S61SE+00 S 13SO86E+01
* 40@E+Si a 9o~ss4E+ee 0 132708E+ot 0 q2686VE+00 0. 135261E+01
* So1*E+ot 0 908727E+00 I i32817E+Oi S 921526E+SS 0. 135361E+01
* tfI*E+02 0 909084E+00 I 133923E+01 S 921347E+00 0. 13S549E+01

* 26II*E+62 a 9I926SE+66 I 133120E+Oi 0.921513E+00 O. i35637E+01
* 30IOOE+02 0 909330E+00 4 133151E+Gi 0 921568E+00 @. 13S666E+Q1
* 40596E+02 S 969362E+00 0 133166E+o1 0. 921596E+00 S. I3S680E+01
* S*SOOE+02 0 9I939*E+II I 133176E+01 0 921613E+00 0. 135688E+01
* 75500E+02 S 969406E+00 0 i331SSE+01 0 921635E+00 @. 13S699E+01
* i*IeO@IE+03 a 969418E+oI 0 133i94E+Si 0.921647E+00 0.13S7@SE+01
8 20""E+03 * 989437E+06 I 133203E+Gi 0. 921664E+00 @. 13S713E+@1

* 301*E+03 0 909444E+00 0 133206E+01 S 91216qE+Oe 0. 135716E+01

* 4001*@+3 0 909447E+00 9 133207E+Oi 9. 921672E+00 0. 13S717E+01
* SO1*SE+03 S 969449E+II S 1332@SE+Gi 0. 921674E+00 0. 13S7i8E+01
* 7SO*E+03 0 9I6451E+66 0 i33209E+01 0.921676E+00 0. 13S719E+01
* 10"0E+04 0 9I94S2E+06 S 13321@E+Si 0.921677E+09 S. 135720E+01
0 200000E+94 6 9I04S4E+II I 133211E+81 0.921679E+00 0. 13S721E+01
* 300*E+04 0 90945SE+oo I 1332tiE+SI 0,921679E+06 @. 135721E+Vi

* 4600E+64 0 9I94SSE+OS I 1332i1E+S1 S 9?2168SE+SS S. 13S721E+01
a 5II@*E+04 a 9094SSE+ee I 1332i1E4-01 9.92168@E+00 0. 135721E+01
0 75eIOE(454 S 909456E+00 I 133212E+01 S 92168@E+00 O. 13S72iE+01

* 10"*E+OS I 9094S6E+06 0 133212E+Oi S 921680E+00 S 13S721E+Oi



NSWC TR 86-324

TABLE 6-17. (CONT.)

p = 5.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

U. UUUUUE+US 0.10000@E+01 0.430640E+01
0.5000 E-01 0.960928E+00 0.290926E+01
U. 10000@E+O 0. 940859E+00 0.171652E+01
0.20000@E+eo 0.932727E+00 U.129750E+U±
0.300090E+00 0.93235SE+ee 0.131174E+01
0.5000E+00 0.'933417E+00 0.13485UE+UI
0.7500@E+00 0.934449E+00 0.136792E+U1
0.10000E+UI U.935092E+00 0.13768E+i
0.±S0UE+@I U.935821E+00 0.138479E+Ui
0.2000E+01 0.936217E+00 U.139937E+UI
0.300000E+01 0.936634E+00 U.±39163E+01
0.40000@E+Ui 0.936850E+UU 0.139314E+UI
U.SUUUUUE+01 U.936983E+00 0.139401E+0i
0. 10000@E 62 0.937252E+00 0.±39S64E+UI
0.200600E+02 0.93739@E+00 0.139641E+Ui
0.300000E+02 0.937436E+00 0.139666E+01
0.40000@E+02 U.937460E+UU 0.139679E4U1
0.50000@E+02 0.937474E+00 U.139686E+Ui
0.7S0UUE+02 0.937492E+00 0.139696E+01
0,100090E+03 0.93750±E+00 0. 13970@E+01
0.2000 E+03 0.937siSE+00 0.1397U8E+01
0.300000E+03 0.93752@E+00 0.13971@E+01
0.40000@E+03 0.937S22E+00 0. 139711E+U±
0.50000E+03 0.937584E+00 0. 139712E+01
0.75000E+03 U. 937S26E+00 U.139713E+01
0.1000 E+04 0.937527E+00 0.139713E+01
0.2000@UE+04 0.937528E+00 @. 139714E+UI
0.300000E+04 0.937529E+00 0.139714E+01
0.40000@E+04 0.937529E+00 0.139715E+01
U.S66UUUE+04 0.937529E+00 @.13971SE+Ui
0.7SUUUE+04 0.937529E+00 U.139715E+Ui
0.10000E+US 0.937529E+00 0.139715E+01
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NSWC TR 86-324

TABLE 6-18. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a - -0.2, - 1.5, 0 - 1.1, - 0.1

p= 1.14121 p= 1.5

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.00009@E+00 0.100000E+01 0.174347E+01 0.1000eE+01 0.t86630E+ui
*.SeeSOOE-01 0.940334E+00 @. 14916SE+01 0.942044E+00 0.15S489E4-01
0. 100OS9E+00 0.85S513E+00 0.118355E+81 0.870082E+00 0.e1850E+0i
0.2003@E+00 0.743557E+00 O. i@9391E+01 0.781730E+00 0. 102515E+01
9.39000@E+00 0.697616E+00 0. 126341E+01 0.747307E+00 0.113976E+01
0.56696E+00 0.672060E+00 0.146606E+01 0.72S995E+00 e.12767&E+01
0.750601E+e@ 0.665107E+00 O.15689&E+01 0. 719377E+00 0.134401E+0i
0.i0000E+G1 0.663144E+00 0.i6i587E+01 0.717338E+00 0.137407E+01
S.15000E+G1 0.66a163E+00 0.16S768E+01 0.7162±7E+00 0.140048E+0i
@.20@0@eE+S1 0.662033E+00 0.167619E+01 0.716014E+00 0.1412@4E+01
I.30e060E+I 0.662141E+00 0.169287E+e1 0.7160S4E+00 0.142238E+01
0.490615E+01 0.662283E+00 0.170047E+01 0.716i66E+00 0.i42705E+0i
0.5000@@E+01 0.6623qE+00 0.170479E+01 0.716263E+00 0.142q70E+01
S.100056E+02 0.66268SE+00 0.171a4E+01 0.7165SE+00 0.143461E+01
9.2909@E+92 0.662861E+00 0. t7157E+01 0.716689E+00 0.143688E+01
0.300000E+92 0.66292SE+00 0.171777E+01 0.71674qE+00 0.14376±E+Oi
0.4000@@E+92 0.66a957E+00 0.171836E+01 0.716779E+00 0.i4379&E+01
O.5S0u09E+02 0.62977E+00 0.17187iE+01 0.716798E+00 0.143818E+01
0.750e@E+02 0.6&3004E+00 0.171q18E+01 0.716824E+00 0.143846E+01
*.10S0SE+03 0.&63017E+00 e.171941E+01 0.716836E+00 0.43860E+01
0.200000E+03 0.663938E+00 0.171976E+O1 0.716856E+00 0.14388iE+0i
0.360000E+03 0.663045E+00 0.171987E+0i 0.716862E+00 0.143888E+01
0.40000E+03 0.663048E+00 0.17i993E+0i 0.716eS6E+00 0.143891E+0±
O.56999E+93 0.663050E+00 0.171996E+0i 0.716868E+00 @.143893E+@i
0.75900E+03 0.63053E+00 0.172881E+01 0.716S78E+00 0.143B96E+01
9. 10000E+04 0.663054E+00 0. 172003E+oi 0.71B72E+00 0.143897E+Si
0.20090@E+04 0.663056E+00 0. 17207E+1 0.716874E+00 0.143e99Ef01
0.36000*E+94 0.663057E+00 0 17208E+01 0.716874E+00 0.1439@0E+01
6.4000@E+04 0.663057E+00 0. 17aSSE+01 0.716875E+00 0.143900E+01
G.S6966SE+64 0.663SSE+00 S.172009E+01 0.716875E+00 0.14390iE+@1
0.75900E+04 0.&63058E+00 @.172009E+@1 e.716875E+@0 0.i439@iE+0i
O.i@@@GeE+OS 0.663058E+00 0.17aSS9E+01 0.716875E+00 0.143901E+01
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TABLE 6-18. (CONT.)

(3=2.0 (=3.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
____B__ Y HUGHES BY HUGHES BY HUGHES B?' HUGHES

U.0UOOUSE+S0 0.10U000@E+01 0. 809988E+0i 0. iOOOOOE+01 0.2a73543E+01
U.50SISE-Ul U. 944270E+UU 0. I6B76BE+0i 0. 948E46E+00 0. 205667E+01
0. 19060@E+09 U.883399E+00 U. 122248E+01 0. 903264E+00 0. 136685E+01
*b.BUUUUOE+UU 0.820637E+00 O.IOIS6SE+di 0.8tBsEOE+00 0.109846E+01
0 .39069E+00 0.799119E+00 0.109916E+01 0.859?392E+00 0.iiS3SSE+0±
0.5000U@E+00 U.786&S@E+00 0. 119751E+01 0.BsSB±7E+00 0. IBRO8iE+Oi
0. 7SUUOOE+0 U.783151E+00 0. 124460E+01 0.B54767E+00 0. 125297E+0i
U. IOUOUOEtU1 U. 782254E+OU 0. 126541E+Mi 0. 854915E+00 0. 126720E+01
0. isUSUUE+S1 0.781974 E+00 0. 12B358E+0± 0. 85sS9E+00 0. 127970E+h1
0.2000@@E+01 0.78074E+00 0.±29151E+01 0.BS&94E+00 0.IEBSi9E+0i
0.300000E+01 U.78B339E+UO 0.129859E+si 0.8S610SE+00 0.1298i3E+0i
U. 4.UUUUE+U1 0.788533E+0U (b. 13@179E+01 0.856340E+00 0). 129239E+01
U.S@U@UUE+UI 0. 78267@E+00 0.1±3036@E+01 0. 856489E+00 0. ±29367E+0i
6.10UU00@E+02 0. 782988E+00 U. 130697E+0± 0. 85&809E+00 0. 12960&E+0i
0.2000@E+02 0. 78317UE+OU 0. 130852E+0± 0.856&979E+00 0. 129717E+Oi
0.36000E+02 0.783234E+UU U.130901E+U1 0.S7038E+00 0 iaQ7S3E+0i
0.4100@E+92 0. 7832&7E+OU 0. 130926E+f1 0.857067E+00 0 12977iE+01
0.5900@@E+62 0.783286E+00 U. 130941E+01 0.85708SE+00 0.1297B1E+@i
U.7SUUUUE+UB U.783313E+UU 0.1309&UE+0i 0.8S7109E+00 0 ia9795E+01
0.10000@E+63 0.783326E+00 @. 130969E+@1 0.8S712iE+00 0.129802E+U1
0.280006E+03 U. 783347E+00 0. 130994E+01 0. 857139E+00 0 12Q813E+01
0. 3000UE+U3 0.79333E+00 U. 130989E+Ui 0.85S7145E+00 0. 12981&E+01
U.418006E+13 0. 783357E+0U 0. 130991E+Ui 0.8B5714BE+00 0. IB9SISE+Ui
0.SUSUUUE+U3 0.783359E+00 0.130992E+01 0.e57149E+00 0.129el9E+@1
U.7SUUUUE+U3 0.783362E+00 U. 13U994E+ei 0.e57152E+00 0.129820E+0i
0.IUUUOOE+U4 U.783363E+00 U.13U995E+01 0.657153E+00 0.i29S21E+0i
0.2000@@E+04 0.783365E+00 0. 130997E+01 0.8B57155E+00 0. 29822E+U1
0. 300996E+04 0.783366E+uU U. 130997E+01 0.BS7ISSE+00 0.129822E+Oi
0.4000@E+04 0. 783366E+00 U. 13U997E+U1 0.e5S7I56E+00 0. 129923E+01
U.SUUUUUE+U4 U.78336&E+UU 0.130997E+01 0.eS7156E+00 0.129823E+01
U.7SOUUUE+U4 0.783366E+00 @.13e9l8E+01 a.BeS71S6E+00 0.129823E+UI
0.1900@UUE+05 0.783367E+00 U. 13U999E+01 0.8B57156E+00 0. 129823E+01
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NSWC TR 66.324

TABLE 6-18. (CONT.)

S4.0 p 5.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES BY HUGHES BY HUGHES

0.9uegeeE+eg s. 0U1000E+61 0.35S09E+01 0. 109068E+01 0-432670E+01
*.seeE-Sl 0.951692E+0S U.247579E+I o.9S54707E+I0 0S2887a7E+e
0. 10O60E+00 0.917359E+00 0 153548E+0I 0. 927873E+00 0 .68899E+01
0.eo0@e0E+eo 0.8963sE+09 6 119207E+01 0.914534E+00 0 126742E+Oi
6.36040E+80 0.892149E+90 122708E+ol S 912S75E+00 0 .18666E+01
0.50SeoSE+SS 0.890989E+09 S 127857E+S1 0.912612E+09 0 132773E+01
9.7SSeOOE+0S 0,891397E+00 .13039SE+ 1 S.9132;SE+00 . 134890E+01
9.lO9E+91 0.891744E+00 O.i31S31E+ o 0.913731E+00 0.135859E+01
9.15s06oE+01 0.892331E+00 0.132S36E+Oi 0.914322E+00 0 .36707E+01
0.200b00E+01 0.892688E+0 O. 132981E+S1 0.9146S8E+00 0 137989E+91
S.3006OE+S± 0.893089E+09 . 13338SE+01 0.915ea2E+e O 137436E+01
9.499006E+01 0.893305E+00 . 133570E+S1 0.915214E+0ue 1375Q6E+e1
0.5eSSOE+S1 0.89344@E+00 6.133675E+01 0.915333E+0S S 137688E+S1
0.1e0e0E+u2 0.993721E+00 S.133874E+Oi 0.91577E+00 0.137866E+t1
9.299SOE+02 0.893867E+00 0,133967E+Si 0.9157S3E+0 0. 13794rE+Di
8.39065@E+62 0.893917E+00 e.133997E+U1 0.915745E+00 0 137 67E+01
S.4S"SSE+02 S.893941E+69 0.134611E+01 0,915767E+00 0 13748@E+ti
0.50e090E+02 0.893957E+09 S. 134S2E+S1 S.9 S 78E+0S 0 137988E+01
9.75090@E+02 0.813977E+00 S. 1343aE+Si 6.915797E+00 0 137998E+S1
9. 1o00oE+03 0. 893987E+00 0.134038E+Si S.9158@5E+SO O ±38903E+01
0.2E000@E+03 U. S94S52E+e@ 0.134e46E+S1 U.915818E+@S 0.138011E+01
9.39060E+03 8.894007E+00 0.134649E+01 S.915823E+S 0. 138014E+01
4.4ooE+03 0.894009E+00 *.1345StE+01 0.915825E+00 S 138 1SE+Sl

9.5seSOeE+e3 0.894S01E+90 0.134GS2E+S1 0.915S82E+Si S 138016E+t1
.75000E+U3 0.894013E+0S U. 134FS3E+01 0.915628E+00 0 13B017E+01

S.SoeeoeE+64 9. 894914E+99 0.134OS3E+S1 0.91s829E+00 0.138017E+01
0.2SSee*E+e4 0.89401SE+SS 0.1340S4E+01 0.91583@E+00 @.1380i8E+01
6.30oE+04 0.S94016E+00 0.13454E+01 0.91583@E+90 0.138018E+01
0.46o"@E+84 0.894916E+90 0.134055E+01 S 91583SE+00 S.138018E+f1
S.5eoeeoE+e4 9.894016E+09 S.13405SE+01 S 915(31E+o 0. 138018E+01
0.7s000E+64 9.894017E+00 S.134OSSE+Si 0915831E+Sl 0.138018E+SI
9.iSSSoeE+Gs 0.894S17E+00 9.134@SSE+Si 9.Y1se31E+@@ S 13918E+01
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NSWC TR 86-324

TABLE 6-19. SPECTRAL NORM AND RADIUS BY HUGHES METHOD FOR a - -0.2, y - 2.0, 0 - 1.1, - 0.1

- 0.862687 = 0.9

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

BY HUGHES BY HUGHES BY HUGHES BY HUGHES

*.OS60E+O6 0. ISOOOOE+U1 I0.176811E+01 @ 10000@E+01 0 1-7921E+01

*.SGOGGE-01 0.918010E+99 0.149118E+81 0 918268E+00 0 i492E+01

* loeoE+oo 0.77143@E+S0 S 119548E+01 0 773826E+00 0 119169E+01

o.2ee6"oE+68 9 5843SE+00 6.136542E+91 0 58S412E+@@ 0 133462E+01

9.30060E+6 9.5BS286E+09 0 172967E+01 0 583355E+00 0 166982E+01

*,sO@MDOE+0S 9.661402E+00 S 213SSRE+Mi 0 S97254E+O9 0 205
7
94E+01

G.7s0eE+e 0. 61137@E+00 S a36238E+S1 0 606164E+00 • 226a8SE+01

S.i100 E+1 .616318E+90 0 .47297E+Si 0 610608E+00 0 237107E401

O1ISOOG@E+U1 6+62193@E+90 0 257734E+01 0 614849E+00 0 246708E+01

0.200000E+01 0. 623247E+09 0 262611E+01 0 616847E+00 0 2S1i86E+0t

9.3OOSSE+fi I.625346E+0S 0 267202E+01 S.618738E+00 0 255381E+S1

0.400669E+01 8.626344E+90 S 269377E+01 S 619 39E+00 S 2S7367E+01

e. eSo**E+Sl 0.626926E+00 027064*E+01 0 620164E+00 S 25952@E+01

*IS.1000E+02 0 628048E+00 0 273066E+01 0 621176E+00 S 260731E+01

0 .290@E+I2 9.628587E+00 S.274227E+01 0 621663E+00 0 2bi788E+0i

0.39"0E+62 6.628743E+00 0.274606E+O1 0 62i823E+00 0 262i33E+01

0.4SoSSSE+62 6.628851E+00 0.274794E+S1 0 621902E+@@ 0 262304E+Oi

f.S9006gE+02 S 628903E+S0 0.274906E+01 0 621949E+00 0.262407E+01

0.7S@O6OE+02 0.628972E+00 0.27SSS6E+1 0.622012E+00 0 262542E+Si

*.10OI@E+63 0.629007E+00 0.27503E+01 0.622043E+60 0 26261@E+01

0.290096E+03 0.629SE+08 S.27S241E+91 0.622096E+00 0 262711E+01

* 30000@E+03 9. 62976E 00 S.27S278ET01 0 6221iSE+00 S 262745E+Gi

0.40"0@E+83 b.29 BSE+00 S.275277E+S1 S 622113E+00 0 262761E+M1

*.SSSOIE+03 0.62999@E+00 0.275308E+01 0 6a2218E+@0 S 262772E+0t

9.7SS0SSE+S3 S.6Z9SY7E+S 0. 275323E+01 0 622124E+80 0 26278SE+Si

0.1I060E+94 S &291SE+0S 0.27533*E+1 S 622127E+00 0.262792E+01

S.2055OlE+04 9.6291SE+00 S.275341E+Si 0.622132E+00 0.262802E4@1

*.3USOSIE+94 0-629107E+00 0.27S34SE+Si S 622133E+60 0 262a8SE+01

0.400000E+04 6.6291S8E+S0 S 27S347E+i 621i34E+00 0 262837E401

* SSOSSSE+64 S.6291i@E+00 0.275348E+Si 0 622135E+00 0 22808E+ai

*.7SOOSSE+I4 6.6Z9169E+*@ 0.275349E+01 0.62213SE+00 0 262809E401

*.100I@OE+SS 0.6291@9E+60 0 27S3SE+Oi 0 622136E+00 0 2628iE+01

6
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TABLE 6-19. (CONT.)

1=1.0 1=1.5

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM SPECTRAL RADIUS SPECTRAL NORM

_Y HUGHES BY HUGHES BY HUGHES BY HUGHES

6.0000E+00 0. IUO090E+1 0.i9i050E+0i 0 100000E+0± 0.200000EFoi

O.S8SUSUE-I1 O.918950E+00 O.±51120E+01 0.92219BE+00 0.161093E+01

0.19eeS0E+99 0.780012E+00 0.118474E+01 0.806490E+00 0.119110E+01

0.20O6E+00 0.589784E+00 0.126216E+0i 0. 641739E+00 0.10629iE+01

0.30"6@E+00 0.579531E+00 0.155102E+01 0.595032E+00 0.121915E+0i

*.S.0"9E+99 0.588103E+00 0.188@26E+0i 0.5"79702E+00 0.139558E+0i

*.7SOOSSE+SS 0.s94522E+00 0.20SS54E+01 0 S76972E+00 0.14835SE+0i

*.1800@*E+S1 0.597868E+0I 0.213928E+01 0.576400E+00 0.1S2375E+01

*.15IOSSE+01 0.600978E+00 0.221727E+01 0.S7623iE+00 0.iS5995E+0i

0.20000@E+91 0.602481E+00 0.225333E+01 0.S76275E+00 0.157620E+01

0.38006E+91 0.603912E+06 0.228761E+01 0.576394E+00 0.1S9iSE+01

9.40080@E+91 0.694596E+00 0.230286E+01 0,576479E+00 0.159791E+01

@.500S08E+61 0.604995E+00 0.231204E+0i 0,576539E+00 0.160184E+01

0. e@OOE+02 S.&S5767E+0 0.232960E+01 0.576675E+00 0.160q26E+0i

0.ZOS999E+62 0.606139E+00 0.233797E+01 0.5767SiE+00 0.i61274E+0i

9.390960E+S2 0.606261E+eo 0.234969E+0i 0.576778E+00 0.161387E+01

*.409090E+92 0.666322E+00 0.234204E+0i 0.S7 7q2E+00 0.161443E+01

0.508O9@E+92 0. 606358E+00 0.234285E+01 0 S76800E+00 0.161476E+01

@.7S99*8E+@2 0.606406E+00 0.234392E+0i 0.S7BiiE+00 0.1i52GE+ei

0. 1000@E+63 0.606439E+00 0.234446E+01 0.576817E+00 0.I 61542E+01

*,2900eE+03 0.606466E+00 0.234525E+01 0 576825E+00 0.16575E+0i

0.300OOE+03 0.606478E+00 0.234SS2E+0i S76828E+00 0.i6iS86E+0i

0.40000E+e3 0 606484E+09 0.234565E+0i S'76829E+00 0.16l591E+01

a. S8O69E+03 0.666488E+00 0.234573E+0i 0 576830E+00 0.16i594E+01

0.7S@00@E+03 S.606493E+00 0.234584E *0I 0 576e831E+00 0.i61599E+01

0.10000@E+04 S. 606495E+00 0.234589E+01 0 576832E+00 0.1i60E+0i

0.206@SSE+04 0 696499E+00 0.234597E+01 0.576833E+00 0.161604E+0i

0.341O0@E+64 0. 606S@SE+00 0. 23460@E+01 0.576833E+00 0.161605E+0i

9,4O00E+64 0.66650@E+9O 0.2346@IE+01 0.576833E+00 0.161606E+i

0.59000E+94 0.606501E+00 0.234602E+0i 0.576833E+00 0.16i606E+01

0. 7590@E+04 0.6065@1E+00 0.234603E+01 0+576833E+00 0.i6i606E+01

9. I9909E+95 0.606561E+00 0.234603E+0i 0,57633E+00 0.i6i607E+Oi
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TABLE 6-19. (CONT.)

p= 2.0

DELTAT/PERIOD SPECTRAL RADIUS SPECTRAL NORM
BY HUGHES BY HUGHES

0.,UU0OSE+S0 0.100000E+01 0.224255E+Oi
0.$000OOE-O 0. 92Si14E+00 0. 174475E+01
0.100000E+00 0. 27259E+0O 0. 123038E+01
0.2000hE+00 0. 706128E+00 0.10±307E+01
0.30000@E+00 0. 659295E+00 0.II1S83E+0±
0.50000E+00 0. 63i204E+00 0.123632E+0±
0.750000E+00 0. 622191E+00 0.129459E+0±
0.100000E+01 0 619029E+00 0.132060E+01
0.150088E+01 0 616753E+00 0.13435SE+01
0.20000E+01 0.615943E+00 0.135372E+01
0. 30000E+0± 0.615349E+00 0.1362B6E+01
0.400000E+i 0.61Si34E+00 0.136703E+01
S.SOOOOOE+0± 0.61SO30E+00 6.13&940E+0i
0. I000E+S2 0.61488@E+00 S.137384E+01
0.20000E+02 0.614834E+00 0.13759iE+0i
0.30000@E+62 0.614823E+00 S.1376sE+h±
0.400000E+92 0.614819E+00 0.137690E+01
S.SSOSSSE+02 0.614816E+00 0.±37710E+01
0.75000@E+02 0.614813E+00 0.137736E+0i
0. 100@E+03 0.614812E+00 0.137749E+01
0.20006@E+03 0.614810E+00 0.137768E+01
0.30000@E+03 0.614809E+00 0.137774E+01
0.400099E+03 0.614809E+00 0.137777E+01
0. SOBSSE+03 0.614809E+00 0.137779E+0i
0.7500@@E+03 0. 614eeE+00 O.137782E+SI
.100050E+04 @ 614808E+@@ 0. 137783E+01

0.2000@5E+04 0. 6148GSE+00 0.137795E+01
0.30000@E+04 0. 614SE+S0 0.137786E+01
0.40000@E+04 0. 148s0E+00 0. 137786E+0±
0. 50000E+S4 @ 614808E+00 0.137786E+01
0.750000E+04 0. 14808E+00 0.137786E+01
0.10000E+0S 0. 61480BE+00 0.137787E+0i
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NOMENCLATURE

I IAII ffi Norm of amplification matrix

A = Amplification matrix

aij = element (i,j) of amplification matrix A

B = Defined differently for Newmark B and Wilson 9 methods

2 2
For Newmark 8 B - -- -T

[l+4TrY~ p+47,2Sp 2]

2472 p
For Wilson 0 B =

['O+12 F q 2p+47 2 3 p 2

2 2

For Hughes B = 2 22
e[l+ 4 Tye p+ 4 7 2l+-)? p2]

c = Damping coefficient of SDOF (Lbf - sec/in)

C = Damping matrix, usually taken as a linear combination of M and K
matrices (Rayleigh damping) (Lbf - sec/in)

f = Decoupled force component (i.e., force of SDOF) (Lbf)

F, V(t) - External force vector, dependent on time (Lbf)

k = Stiffness of SDOF (Lbf/in)

K - Stiffness matrix (symmetric and positive semidefinite (Lbf/in)

2

m = Mass of single degree of freedom system 
(SDOF) Lbf sec

in

8-1
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NOMENCLATURE (Continued)

M=- Mass matrix (symmetric and positive definite, assuming that if
there are degrees of freedom without mass, they have been

condensed out)

Lbf sec2

n = Integer indicating time step nAt

.t
P T

T = Period of vibration (sec) ( -)

t = Time step during integration process (sec)

An - State vector defined by Xn = [t2in, 'tin, -n]
T

Xn, ins in - Displacement (in), velocity (in/sec), and acceleration
of SDOF (in/sec 2 )

a Parameter in .-method

= Parameter of approximating displacements in Newmark- method
and Hilber-Hughes methods

= Parameter approximating velocities in both Newmark - and
Itlber-Hughes methods

= Modal damping parameter for an uncoupled system (2-. U

= Parameter of approximating accelerations in Wilson , and
Hilber-Hughes methods. Also equilibrium equations are
satisfied at point n+.

B.-

= As defined by . a 2-p

n On Tables, displacement (in) k Q, velocities (in/set)
n n:n) and acceleration of SDOF in/sec2)

Frequency of vibration (rad/sec) ot uncoupled system (SDOF)

2-)
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APPENDIX A

STABILITY ANALYSIS OF THE
MODIFIED HILBER-HUGHES METHOD

A-1/A-2
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In this section we perform an analysis of the stability characteristics of
the modified a-method with collocation. To this end we consider the uncoupled
equations of motion of a linear system. They will be satisfied at a collocation
point n+O:

M Xn+6 + C in+ 8 + (I+a)K Xn+e - aK xn = Fn+e (A-1)

where

Xn+8= (l-e)in + e in+l (A-2)

Xn+e = in + eAtl(l-Y)kn+Yin+e] (A-3)

x l~e = x + 8At n + e(SAt) 2 [( -8)Xn+on+e] (A-4)

Replace Equation (A-2) in Equation (A-3) to obtain the velocity

in+e - in + (l-ye)eAt in + ye 2At in+l (A-5)

Replace Equation (A-2) in Equation (A-4) to obtain

Xn+e = Xn + eAt in + ( ae)2At 2n + Xn+l (A-6)

Substituting Equations (A-2), (A-5), and (A-6) for the acceleration,
velocity, and displacement at the collocation point n+8 in terms of all the
historical variables xn, in, xn and the acceleration at the next time step
n+l, and making the substitutions

K (A-7)

C
2wt C (A-8)

and

22 2 2 2(A9
[l+2yeOwAt+(l+a)82 w 2At2] 2 At (A-9)i B

KWAt (A-10)
B

A-3

* .!- '
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we obtain

B _ B x  [2K+(i+a)OB].
n+l KAt2 n+e At2 n At n

2B 2 + 2(l-yB)OK + (I+a)( -_e)O2Bi n (A-Il)
w w At (+)(-e 2BIi

Replacing Equation (A-Il) in the expression for velocity at time step n+l

in+l in + At[(l--Y)in + Y in+l] (A-12)

we obtain

1 9-F -t n~ + 1-12K+(I+a)eBI in+l KAt n+6 tn IY

+ AtE(-Y) - (I-O)yB 2(l-ye)YeK + 2B (A-13)
+ L w2At2  " A-13)

The displacement is calculated from

Xl =x +At x + Alt [(_I-~~+~ eXn+l Xn n2 'n Bnj

+ At i + -) At2 X + 6At 2  (A-14)
n n n n+l

and Equation (A-Il), i.e.

Xn+l F- n+6 + [l-6B]xn + I-612K+(I+)OBI At n +

+ [( 5) -(1-eB - 2(l-yO)e (la)(BO- )O2 B]At2 x (A-15)

A-4
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We may write Equations (A-I), (A-13), and (A-15) in matrix form

2. l [(l+) -1) 62 B- 2(i-y0)eK -[2<+(1+a)eB] -B t2. BF
At 2n+ [ A X Bn+F

2B 2
- ( - 2 21n+

W At

Atn+1  [-Y)- - 2(l-y0)y0K l-[2K+(l+c)0B]y -yB Ati + -Fn l "W2A n K n* O

+ (i+a)(00 -)62 By

I+'- 282)- 2(i-y0)00K I-B[2<+(I+a)0B] [I-BI i-Fn+0
2At2 n

+ (1+a)(B0 -- )e2 6B

(A-16)

where

2 2 42p2

B W 2 At 2 4rp (A-17)
[l+2y0ewAt+(l+e)B 

2 w2 At2 ] )[l+4,y9 p+4 r 2 (1+1)' 2p2]

KWAt . 2 1rKp (A-18)
B B

At (A-19)

or

Xn+l - A An + L n~

We make the following substitutions in matrix A of Equation (A-16)

L (1+a)(Se - ) 2B - 2(I-yO)nK - (1-) 2B

- )22-2 y -I ](A-21)

2 1

L f -B - 12 (A-23)
3 D

A-5 j
.1
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D " e[l+2yveo + (1+a)Be2Q2]  (A-24)

= KEAt . 5Q (A-25)
B B

B -Q-- (A-26)D

The amplification matrix A can be rewritten in the form

II II
L I L2  I L3II II

' " ll+y(Ll-l)} I l+,yL21 I yL3 I
III

+ B(LII)1 I+6 1I 1
+ I ZB21 1 +L 3I I

The characteristic equation stemming from A, is

detlk - - -X3 + 2A1
2 - A2 X + A3 - 0 (A-28)

or

X3 - 2A1j
2 + A2  - A3 - 0 (A-29)

where the three invariants 2AI, A2 , A3 are explicitly given as

2A1 = 2 + L1 + yL2 + SL3  (A-30)

A2  = 1 + 2LI + ( 2y-1)L 2 + (21-y-'2)L 3  (A-31)

A3  a L - (l-y)L - (,-3-)L (A-32)

or

2A I  [ 2 + +2)

+ 1-2( 1-y")1-2, (A-33)

A 1 2 (l g .2 2 1 -, ,)

A-

,A. ,. - ' , ( . , ' ' ' . ." . ' " ' . . . "...
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A3 = ( )+

+ 1-2(1-yO) 6+2(1-y)I O-(l-0)] (A-35)

and 2A1  A A3 2 + [2

We distinguish two cases in our analysis depending on whether A3 is zero.

(1) A3 0 0 (full cubic equation)

In this case, for absolute stability we must satisfy the Routh-Hurwitz
criterion

El = 1 - 2A1 + A2 -A 3  -L 3 > 0 (A-36)

E2 - 3 - 2A1 - A2 + 3A3  -2L2 + 2(1-y)L3 0 (A-37)

E3 - 3 + 2A1 - A2 - 3A3

- 4(1-LI ) + 4(I-y)L2 + (4,-4,--1)L 3  0 (A-38)

E4 - 1 + 2A1 + A 2 + A3

- 4(I+L I) + 2(2y-1)L 2 + 2L3(29-y) 0 (A-39)

E5 - E2 E3 - EI1 4

2= -8L2 - 4(2,-3)L3 + 8LIL2 + 8(,-OL2

+ 4L 2 L3 12 2 -5,+2.,+21 + 2L 24,-2.-+4.-,-4 ,"2-_1

- 4LIL 3 11-2,1 0 (A-40)

or cast in terms of 2

2

E > 0 (A-41)
1 D

D = r[+2,T' +( 1+ _2 .2]

A-7
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E [2I(l+aO+Y~lls2 +4ES]

- - [I(1+L)B+Y-l SI+2 ] (A-42)

E3  [12( 1+a)62 +4(-1)(+a)e+(l+4-4) 1 s 2 +8 $0+(y-l) &Q+4] (A-43)

where the coefficient of 02 in E3 can be written as

[46+ 2(l+a)02 +4(l+a)(y-l)e+l-4y]

4 11[2(1+c)3-i]e + !(l+c)[(l-2y)e-O2]+ 2

E2E - E E D2 [[- 2(l+a)e 3 + 2(l+a)O + 2y - 1] + (1+a)2e2 [e+2(y-1)]2 3 1 4 D2

+(1+ai)[(-2y)O + (y-l)e 2 + 2(y-1) 0 -(l2y)O - e28

" 2Y( -Y) (A-45)

+ 14B + (+c)(60 2+8(y-l)e) + 4 (y-1)e + 4(y-1)2 - 2y + 28 - 4y8 2 }  2

+12y(1+4 2) + 2ciO - 1 + 8(e-1) 2 1 n + 4]

Therefore, for unconditional stability the following constraints must be
applied to the coefficients of all the inequalities from Equations (A-41)
through (A-45).

With the exception of the case when Q - 0 (yielding equality), Equation
(A-41) is always satisfied for any positive Q. Equation (A-42) leads to

a > (-y) - 1 (A-46)

0

or

a > 1 - (1+06 (A-47)

A-8
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and

> >0 (A-48)

Equation (A-43) leads to

a > - E2(l+z062 + 4(l+cz)(y-l)e + (1--4y)] (A-49)

(6+Y-l)E > 0 (A-50)

and, in view of Equation (A-48), Equation (A-50) becomes

a+ Y-lI > 0 (A-51)

Equation (A-44) implies the following constraints ( > 0 has already been

accounted for)

-y> (A-52)

To obtain Equation (A-52) we look for the roots of the equation

1 - 2y- 20 + 4ye2 = 0

They are

01,2 1 4( L~ )21)

The smallest root of 8 must be at least 1, i.e.

This gives Equation (A-52).

And if 2(l+cc)e 3 - 1 > 0 (A-53)

then a> (c)[-(-)]y(A-54)
2112(1+ct)O -_11

A- 9
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However, if

2(+)3- 1 < 0 (A-55)

and if

2(+)3- 1 - 0 (A-5 7)

0 > C1+a~)6[6- (1-2y)] - y (A-58)

Substituting the value for at from Equation (A-57) in Equation (A-58) we obtain

1

> 2(0e+17 (A-59)

which is satisfied, since e > 1. And from Equation (A-52), we must have 1

The same argument applies to Equation (A-51), which can be written as

Y > I - e.

y must exceed a nonpositive number and it is superfluous.

Equation (A-45) leads to more complicated inequalities. They are

Y>1 - 2ae - 8(e-l) 2 (A-60)
2(1+4 2

where

1 -2cLO - 8(e-l)&2 > 0

or

(1+8&2) > 2(ca+4 2)8

and if a + 4 2< 0, then 2(a+84 2 e

if C~ + > 0, 2hen2(a4&

A- 10



NSWC TR 86-324

and if a + 4E2 - 0, then no restraint on 0

a > 1 (+a) 662 + 8(y-l)e + 4 (y-l)e + 4(y-1) 2

+ (20-2y-4y02)] (A-61)

Recall from algebra at this point that, given a polynomial of third degree

f(x) - a3 x 3 + a2x
2 + alx + a0

its three roots Tl, T2, and T3 are given by

1 2 3 a3
T1 + 2  3 a3  a'

a0
T1T2 a 32 a3

In our case, all the roots should be negative, because any nonnegative x would
yield f(x) > 0. Therefore, we seek

tl + T2 + T3 < 0

TIT 2 + T2 T3 + T3T 1 > 0

TlT2 T3 < 0

If a3 > 0, then all ai > 0 (i = 0,1,2);
-I

If a3 < 0, then all ai < 0 (i 0,1,2). But in this case any x > 0 will
yield f(x) < 0 and this case does not satisfy the nonnegativity of f(x). Hence
it is of no interest to us.

If a3 - 0, the polynomial is quadratic

f(x) " a2 x 2 + alx + a0

A-11
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and

a1

T +t 'r a,

1 2 a 2

a0
T 1i2 . 2

For TI,T2 to be nonpositive

T1 + "12 < 0

T T 2 > 0

or for

a2 > 0 al,a 0 > 0

a 2 < 0 al,a 0 < 0

and again the case of all ai < 0 does not yield f(x) > 0 for x 0 and it is
of no interest.

If a2 - 0 (in addition to when a3  0), then the polynomial is
linear, i.e.

f(x) - alx + a0

and _ 0
1i a1I

For it to be nonpositive

T 1  < 0

and if a1 > 0 a 0 - 0

if a1 < 0 a 0 < 0

yielding f(x) < 0 for x > 0 and it is of no interest.

If al - 0,

f(x) - ao

and ao > 0

A-12
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Consequently

>- 2y-1+2(l+c) -2(y+-)e 3 } (-62)

if Y > %+ (l+a)63  - (1+a)e

However, the case of

Y < + (l+a)83 - (l+a)e (A-63)

cannot occur, since all the coefficients of Equation (A-45) must be negative,
which is precluded due to > 0.

If Equation (A-62) is not valid, then Equation (A-64) is the other possibility,
i.e.

0 >- {(1+)) 2 [0+2(y-1)] 2+(1+c)[( -2y)+(-Y-1)e 2+2(¥-1) 2e+ 2 -( -y)O]+2C(1-y)-

if - + (1+x)e3 - (l+a)83 (A-64)

A-13 I
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SUMMARY (A3 # 0)

y > 1- (1+c)8

Y >

y > + e

1 -2 - 8(6-1)C2

2(1+4 )

2(1+a)8
3 > 1

(if 2(1+) 1 - 2(0+1)

>0

I 2y-1+2(1+ca)0-2(1+a)O3 1

> -1[2(l+a) +4(l+a)(y-l)0+(I-4y)]

(l+ac)O[O-(1-2y)] - y
3_

2[ 2(1+a)e -11

S l+)1602+8(yl)02+4(yl)0+4(yl)2 +(20_2y_4y0 2

A further point in the investigation is to examine whether it is possible
to have complex roots of unit argument. This is given by the condition

1 - A2 + A3 [2AI-A 3 ] 
= 0 (A-65)

A-14
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which can be written in the form

a404 + a113 + a2!p
2 + a.

- Qia4 3+a3 2+a2Q+al] -0

where

a1  2& (A-67)

a2  (1+e) + y - 8 - + 4;2(,-l1+,) (A-68)

a3 = [2(1+a)(B+' )03  + 1(2,-3)- + (1+-)(3-2,': - 2-) j 2

- 2f2(1-y)(+i)+(1-Yre)(' -")+2 (1-.)( (A)-( -:'- )t I A-69)
4 2 33 23

a4 = 84 (1+l) + 3 (1+x)( - -) - (1+1)2(_,-).3
2

+

+ ( l+a)[ )CI-( - -) ;  + I2- 1 ,.- (A-70)

For such a condition [i.e., Equation (A-65)] to hold

0 (A-71)

(l+c)0 + y - - + 42 (-1+,) 0 (A-72)

or

= - e (A-73

and

= [(1+c)(1-2d) + ( -1)1-" A-74)

A-15
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We observe at this point that the coefficients al, a2, a3, a4 of
Equation (A-66), given by Equations (A-67) through (A-70) assume the limiting
values as given in References 15, 16, and '7.

Coef Case e - 1, a+y Case a - 0, Y -

I 12a, 2F , 2

a 2 4. 2 (2e-1)

a 3  2 ( 21)2 [-+(e1)]

(2) A 3 -0 (Quadratic case)

In this case, the Routh-Hurwitz criterion of stability is

El = I - 2At + A2  0 (A-75)

F2 - I -A 2 -0 (A-76)

E3 - 1 + 2A1 + A2  0 (A-77)

together with

A3 - 0 (A-78)

Equation (A-78), using (A-35) is equivalent to

.. = 1 (A-79)

dt -+ i] - 0 (A-80)

a rid

2
E D (A-81)

E " ( + -12). +2 ] (A-82)

A-ih
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E = [12(1+a)(20-1) + 2(1-y)l 12 + 8(y - )EQ + 4 (A-83)

Equation (A-81) is always satisfied for real Q, while Equation (A-82)
Implies

Y + a - > 0 (A-84)

Y > 0 (A-85)

Equation (A-83) results in

y >z (A-86)

and

(1+a)( 28-1) + (l-y) > 0 (A-87)

Consider the cases

(a) a - 0

Then Equation (A-87) is equivalent to

2B > y (A-88)

(b) a # 0

By Equation (A-88), however, B - y + 0

and Equation (A-87) becomes

2(1+2)8 > (1+2a) (A-89)

If 1 + 2a > 0, then > , y > 1, and y > - a (A-90)

If 1 + 2a - 0, then 0 > I + 2a (A-91)

and it is satisfied as an equality

at m - , 8> , and y > 1 (A-92)

A-17
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If 1 + 2a < 0, then a < (A-93)

But a Y

Hence

y - <

- a < y < 1 (A-94)

which contradicts each other since a < - (no solution).

If we further require the roots to be complex, then we must further satisfy

A2 < A (A-95)
1 2

where

2A, 1 [1(i+ )(3- -)Q 2 + 2( 2 y-i)CQ + 2]

f I [1( 1+ ) (2 8- I ) + ( -Y) 102 + 2 (2y-l)R + 2] (A-96)

A2  1 [(1+c)(38-2y) - (2 -y- ) 2 + 2(y-l) Q + 1

= (1+c)(-l) + (2 -Y)I2 + 2(y-l)EQ + ] (A97)

where

D f 1 + 2y Q + (1+a) Q2  (A-98)

Substituting Equations (A-96) and (A-97) in Equation (A-95) leads to

[-ic)2 ( Y2]Q2+ Ya,
(l+a) + 2 (l+c)( 2 -y+ ) - + [y-c ] Q

+ 4(1- 2){Q2 > 0 (A-99)

i.e.

II < 1 (A-100)

y - a - < 0 (A-101)

-(l+a) 2 + 2 (1+a)( 2 B-Y+ ) (y) > 0 (A-102)

A-18
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or

8(a+2) > + (+y) 2 (A-103)

Replacing 8 "y- in Equation (A-102) we obtain

12 3 1 1
- + (a+ -)y - - - (l+a)Co+2) > 0 (A-104)

with roots

Y1,2 a + (A-105)

where

In the interval -1 < a < 0 , a = -1 , y =

a = - - , y =i

3

satisfy (A-104).

We must check whether all the other requirements are valid. For the case
a - -1 , y - and 8 - 0, Equation (A-82) or (A-84) are not satisfied. Hence,
this is not a solution. For a - , y - 1 , 8 = (and 6 - 1), this is a
solution.

3 f

For a - 0 , Y =  , 8 1 (and e 1 1), this is a solution.

The fact that a - -1 , =  , 8- 0 is not a solution can also be seen
directly by inspecting Equations (A-109) through (A-112), where

2A S12 +4(1- ) 0R+2

(A-106)

A -(2B-y- ) 2 + 2(y-l)E+l (A-107)2 (l+2y'o)

A3 (A-108)
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(~1 2 2___

E1  1-2A1 +A 2  
1+ 2y-- (1+2. - 0

(A-109)

since B y

(2B-Y-)'2!2 + 2 -" (y- 2- + 2%:
E2  -A1 A 2l+ 2yr2) (l+2y) (A-110)

2
E 3 )1 + 2A + A -- , + 8(y- 1 ) + 4
3 1 2 (1+2y%)

2
2-2(y-1) + 8(y-- 2);2i + 4 CA-111)1+2"-y A11

These conditions lead to

y - , > 0 (A-112)
2 -

the first two are contradictory.

-(y-l) > 0

Hence for 0 - 1 , a - -1 and B = y - there is no unconditional stable
range.

A-20
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SUMMARY (CASE A3 " 0)

CONDITIONS

I -4a-y+ ] - 0

y+ - > 0

y - > 0 , (1+a)(2-1) + (1-y) > 0

>0

SUBCASES
SUBCASE 1 SUBCASE 2
a 0 I__0

B y + 0

2$ > y 2(1+2a)B > (1+2a)

SUBSUBCASE
- 1 + l2 > 0 1+2a 0 1+2a < 0

B > y >1 6 <

y > - $> y <
-i<y<l

No
Solution

ADDITIONAL REQUI EMENTS FOR ROOTS O BE COMLEX

IFI < I

y -ci-'0
y a '-2> 0

> 2 + 12+Y2
-2

FOR SUBCASE 1 FOR SUBCASE 2

B (,+y No solution

cI0

3
2

a solution

S0

A-21
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Observations

(1) For a - 0, e 1 we get the Newmark-S method, with the known conditions for

unconditional stability (See Table 5-1.)

Y > (A-113)

> _Y (A-114)
-2

For complex roots we also have

B > 1( +Y)2 (A-115)

In the present case (a~ - 0, e -1) we observe the two subcases

(a) y

with

A 1 1 - 2 2 ) (A-116)
12(1+ Q+aQ 2

A = - Q+B 2 =1 - 2F2 (A-117)
2 [1+E2+BQ 2 [1+ Q+BQ 2

A - A = 221)' (A-118)
1 2 4(1-.-FQ+BQ 2)

and characteristic roots ?Xl, X2

1 ~2 A1  1

2 2 -+ \(47.1)s?2+4(1-, 2(A-119)
2 1 - (2 ++ Q 2 +( + Q B 2__ _ _ _ __ _ _ _ _

A- 22
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Observe from Equation (A-117) that when E = 0, A2  1 1, i.e., the product
of the roots (which for complex roots it is the square of the modulus) are
unity, i.e., no artificial damping.

3
(b) 3 (0= 1, c i 0)

In this instance the product of the roots is

[ 2+2 a]

A2 =1 - [Q+3 +8E2] (A-120)

As Q 0 A2 1* (A-121)

As Q- A 21 (A-122)

When E 0, the magnitude of the complex roots becomes

2
1 Q 1 (A-123)

1+a

Hence £imx i  i (A-124)8
0

with dissipation at higher modes.

(2) For ai- , 01, y i , 5 (6- y+ 0)

2A, =2 2 (A-125)

2+

A - 2 .4 (A-126)Q2+8&0+4

A-23
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A3  0 (A-127)

and

1 (02-4)+4j.l (A-128)
1,2 ffi(2 +4)

Hence, we observe that for 0 A2 = 1 (hence spectral radius is 1) and

for this choice of parameters there is no artificial damping.

In the following, we give the form of the amplification matrix for very
small and very large frequencies. We consider the following limiting cases.

1. When p 0 B = 0 K = 0
T

2. When p -- = ', B= 1
T (l+U)Oe 3

1. p-0, B=0, K = 0

B 1
22 e

and the amplification matrix assumes the form

1--0 0-

A 1- 1 0 (A-129)e

1 1

2. p , B 0

B 0
22At2

A-24
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and

1 1 _ 1
1- 280 g8 (1+ca) 03

280 802 (l4-c) 803

1 1 1 1_1--10 2  (+a) 03

where WT -

'

26A 253

e

where 27
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